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SUMMARY  OF  REPORT 


A  series  of  tests  using  simulated  occupants  were  conducted  on  24  underground 
survival  shelters  located  in  various  geographical  areas  of  the  United  States. 

The  purpose  of  this  test  program  was  to  evaluate  changes  in  shelter  environment 
brought  about  by  shelter  occupants.  These  shelters  were  loaded  with  simulated 
occupants  in  a  manner  similar  to  the  loading  anticipated  during  a  national  emer¬ 
gency  brought  about  due  to  radioactive  fallout  as  the  result  of  a  nucle&r  attack. 

A  second  objective  of  this  program  was  to  determine  the  minimum  amount  of  mechani¬ 
cal  equipment  necessary  to  control  the  shelter  environment  to  a  level  suitable  for 
human  survival.  In  accord  with  guidelines  established  by  the  Office  of  Civil 
Defense  most  of  the  test  shelters  were  loaded  on  the  basis  of  one  occupant  per 
ten  square  feet  of  floor  area.  However,  special  shelters  such  as  the  St.  Louis 
Command  Center  were  tested  at  lower  loadings  and  during  the  course  of  the  pro¬ 
gram  other  shelter  loadings  were  used  to  investigate  the  effect  of  shelter 
loading  on  the  environment  within  the  shelter.  Ventilation  air  was  conditioned 
to  conform  to  typical  values  of  effective  temperature  for  the  test  locale. 

Shelters  were  tested  under  simulated  summer  and  winter  climatic  conditions. 
Simulated  occupants  were  used  and  adjusted  so  as  to  release  uensible  and  latent 
heat  to  the  shelter  atmosphere  in  quantities  equivalent  to  those  that  would  be 
released  by  human  occupants. 

Suitable  ventilation  air  flow  rates  were  determined  for  the  shelters  tested. 
An  equation  was  developed  based  on  the  relationship  between  shelter  environment, 
surrounding  earth  temperature,  and  ambient  air  effective  temperature.  This 
equation  can  be  used  to  predict  quantities  of  shelter  ventilation  air  needed 
for  maintenance  of  effective  temperatures  tolerable  for  human  occupants  of 
survival  shelters.  An  arbitrarily  selected  value  of  85  F  effective  temperature 
was  considered  the  upper  limit  of  human  tolerance  and  was  used  to  evaluate 
shelter  environmental  conditions. 

It  was  furcher  concluded  that:  (1)  In  most  sections  of  the  United  States, 
the  3  cfm  per  occupant  of  ventilation  air  needed  to  control  the  chemical  environ¬ 
ment  in  underground  shelters  was  not  adequate  to  control  the  thermal  environment 
in  these  shelters  during  summer  occupancy,  but  was  adequate  for  both  chemical 
and  thermal  environmental  control  during  the  winter;  (2)  Prior  use  requiring 
heating  or  cooling  of  the  shelter  space  or  occupancy  by  human  beings  or  other 
animals  would  be  detrimental  to  the  shelter  environment  when  the  space  was 
converted  to  shelter  use  under  emergency  conditions;  (3)  A  fire  storm  burning 
above  an  underground  shelter  would  not  adversely  affect  the  thermal  environment 
of  the  shelter,  but  could  disturb  the  chemical  environment;  (4)  Thermal  con¬ 
ductivity  of  the  earth  surrounding  a  shelter  was  dependent  to  a  large  degree 
on  the  moisture  content  of  the  earth  surrounding  the  shelter.  The  range  of 
variation  In  soil  conductivity  throughout  the  test  program  geographic  locations 
was  within  a  range  of  0.45  to  0.96  3tu  HR-lFT-lF-l;  (5)  Well  water  used  in  con¬ 
junction  with  water  coils  was  effective  in  controlling  shelter  environment; 

(6)  Evaporative  type  air  coolers  could  be  effective  in  controlling  shelter 
environment  buc  required  more  energy  for  operation  than  the  muscular  power  of 
the  occupants  in  a  shelter  could  provide;  (?)  Desiccants  as  a  means  of  humidity 
control  or  the  operation  of  mechanical  dehumidifiers  in  shelters  would  increase 
the  shelter  effective  temperature  and,  therefore,  would  be  detrimental  to  the 
•halter  environment;  (8)  Fans  and  blowers  should  be  adapted  so  that  during 
interruption  of  the  power  service  Co  shelters,  these  devices  could  be  operated 
by  the  muscular  activity  of  the  shelter  occupants,  and  such  fans  ami  blowers 
should  be  selected  on  the  basis  of  overall  operating  efficiency  rather  than 
their  rated  air  delivery. 
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occupants  in  a  manner  similar  to  the  loading  anticipated  during  a  national  emer- 
gency  brought  about  due  to  radioactive  fallout  as  the  result  of  a  nuclear  attack. 

A  second  objective  of  this  program  was  to  determine  the  minimum  amount  of  mechani¬ 
cal  equipment  necessary  to  control  the  shelter  environment  to  a  level  suitable  for 
human  survival.  In  accord  with  guidelines  established  by  the  Office  of  Civil 
Defense  most  of  the  test  shelters  were  loaded  on  the  basis  of  one  occupant  per 
ten  square  feet  of  floor  area.  However,  special  shelters  such  as  the  St.  Louis 
Command  Center  were  tested  at  lower  loadings  and  during  the  course  of  the  pro¬ 
gram  other  shelter  loadings  were  used  to  Investigate  the  effect  of  shelter 
loading  on  the  environment  within  the  shelter.  Ventilation  air  was  conditioned 
to  conform  to  typical  values  of  effective  temperature  for  the  test  locale. 

Shelters  were  tested  under  simulated  summer  and  winter  climatic  conditions. 
Simulated  occupants  were  used  and  adjusted  so  as  to  release  sensible  and  latent 
heat  to  the  shelter  atmosphere  in  quantities  equivalent  to  those  that  would  be 
released  by  human  occupants. 

Suitable  ventilation  air  flow  rates  were  determined  for  the  shelters  tested. 
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for  maintenance  of  effective  temperatures  tolerable  for  human  occupants  of 
survival  shelters.  An  arbitrarily  selected  value  of  85  F  effective  temperature 
wa»  considered  the  upper  limit  of  human  tolerance  and  was  used  to  evaluate 
shelter  environmental  conditions. 

It  was  further  concluded  that:  (1)  In  most  sections  of  the  United  States, 
the  3  cfm  per  occupant  of  ventilation  air  needed  to  control  the  chemical  environ¬ 
ment  in  underground  shelters  was  not  adequate  to  control  the  thermal  environment 
in  these  shelters  during  summer  occupancy,  but  was  adequate  for  both  chemical 
and  thermal  environmental  control  during  the  winter;  (2)  Prior  use  requiring 
heating  or  cooling  of  the  shelter  space  or  occupancy  by  human  beings  or  other 
animals  would  be  detrimental  to  the  shelter  envirorasent  when  the  space  was 
converted  to  shelter  use  under  emergency  conditions;  (3)  A  fire  storm  burning 
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(6)  Evaporative  type  air  coolers  could  be  effective  in  controlling  shelter 
environment  but  required  more  energy  for  operation  than  the  muscular  power  of 
the  occupants  in  a  shelter  could  provide;  (7)  Oeslccants  as  s  means  of  humidity 
control  or  the  operation  of  mechanical  dehumidifiers  in  shelters  would  Increase 
the  shelter  effective  temperature  and,  therefore,  would  be  detrimental  to  the 
shelter  environment;  (8)  Fans  and  blowers  should  be  adapted  so  that  during 
interruption  of  the  power  service  to  shelters,  these  devices  could  be  operated 
by  the  muscular  activity  of  the  shelter  occupants,  and  such  fans  and  blowers 
should  be  selected  on  the  basis  of  overall  operating  efficiency  rather  than 
thalr  rated  air  delivery. 
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FOREWORD 


Early  in  1962,  the  Office  of  Civil  Defense  instituted  a  research  program 
to  investigate  environmental  conditions  in  survival  shelters  when  such  shelters 
were  occupied  on  the  basis  of  one  occupant  per  10  square  feet  of  floor  area.  As 
a  part  of  this  program,  a  research  contract  was  negotiated  between  the  Office 
of  Civil  Defense  and  the  Florida  Engineering  and  Industrial  Experiment  Station, 
the  latter  being  the  Research  Division,  College  of  Engineering,  University  of 
Florida.  This  contract  envisioned  a  series  of  simulated  occupancy  tests  to  be 
conducted  in  underground  shelters  under  summer  weather  conditions  encountered 
in  various  geographic  locations  throughout  the  United  States.  The  purpose  of 
this  test  program  was  to  determine  the  minimum  amount  of  mechanical  equipment 
necessary  for  the  control  of  environmental  conditions  in  survival  shelters  at 
a  level  suitable  for  extended  human  occupancy. 

An  individual  simulated  occupant  had  been  developed  and  used  in  tests  con¬ 
ducted  by  the  Mechanical  Division  of  the  National  Bureau  of  Standards  in  a  sur¬ 
vival  shelter  that  had  been  constructed,  under  Office  of  Civil  Defense  sponsor¬ 
ship,  on  the  grounds  of  the  National  Bureau  of  Standards  In  Washington,  D.C.^ 

This  simulated  occupant  served  as  a  model  for  those  used  by  the  University  of 
Florida  for  simulated  occupancy  tests.  The  cited  National  Bureau  of  Standards 
report  served  as  a  guide  for  setting  up  and  conducting  tests  in  survival  shel¬ 
ters  during  1962. 

Concurrent  with  the  University  of  Florida  test  program,  the  National  Bureau 
of  Standards  under  a  contract  with  the  Office  of  Civil  Defense  was  investigat¬ 
ing  the  use  of  mathematical  models  in  a  computer  program  as  a  means  of  predict¬ 
ing  survival  shelter  responses  for  variations  in  ground  thermal  properties, 
shelter  configuration,  and  ventilation  rates.  The  University  of  Florida  co¬ 
operated  with  the  National  Bureau  of  Standards  by  supplying  physical  data  with 
respect  to  geographic  location,  soil  conditions,  shelter  structure  and  weather 
conditions  at  shelters  under  test  by  the  University  of  Florida.  In  addition, 
actual  test  data  concerning  environmental  conditions  and  soil  temperatures  sur¬ 
rounding  the  shelter  were  supplied  to  the  National  Bureau  of  Standards  for  use 
ir.  their  computer  program  to  serve  as  a  means  of  testing  the  validity  of  results 
obtained  using  mathematical  models.  Physical  data  and  test  results  were  sup¬ 
plied  by  the  University  of  Florida  to  the  National  Bureau  of  Standards  for  all 
shelters  tested  during  1962  and  1963. 

Concurrent  with  the  University  of  Florida  program  and  the  National  Bureau 
of  Standards  program,  the  Mechanical  Research  Division  of  American  Machine  and 
Foundry  Company  of  Niles,  Illinois,  was  awarded  a  contract  by  the  Office  of 
Civil  Defense  to  develop  a  single  simulated  occupant  capable  of  releasing  mois¬ 
ture  and  sensible  heat  in  metered  quantities  suificiunt  to  simulate  the  effect 
of  from  5  to  60  human  beings.  Under  a  separate  contract, this  same  division  was 
to  develop  a  mobile  laboratory  for  use  in  testing  survival  shelters.  This  lab¬ 
oratory  was  to  have  the  capability  and  equipment  necessary  to  supply  ventilation 
air  to  survival  shelters  in  quantities  sufficient  for  a  wide  range  of  ventilation 
air  flows.  The  equipment  was  also  designed  to  have  the  capabilities  of  condi¬ 
tioning  the  supply  ventilation  air  with  respect  to  temperature  and  humidity  so 
that  typical  summer  conditions  could  bo  simulated  at  test  sites  throughout  the 
United  States  in  order  that  tests  could  be  conducted  independently  of  minor  cli¬ 
matic  variations  at  these  test  sites.  These  laboratories  were  to  contain  instru¬ 
mentation  capable  of  measuring  and  recording  environmental  conditions  in  the 


♦Superscript  numerals  in  body  of  report  refer  to  list  of  references  at  the  end 
of  this  report. 
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ambient  air  surrounding  the  shelters,  and  at  selected  points  within  the  sur¬ 
vival  shelter  under  test.  In  addition,  temperature  recording  equipment  suit¬ 
able  for  measuring  ground  temperatures  surrounding  the  shelter  was  to  be  in¬ 
cluded  . 

During  the  period  February  -  May,  1962,  the  University  of  Florida  developed 
and  constructed  a  similar  mobile  laboratory  and  under  a  subcontract,  had  100 
simulated  occupants  for  the  individual  National  Bureau  of  Standards  type  fabri¬ 
cated.  These  occupants  and  the  mobile  laboratory  were  tested  and  modified  dur¬ 
ing  June,  1962,  and  the  first  simulated  occupancy  test  was  conducted  on  the 
Summerlin  Shelter  in  Gainesville,  Florida,  during  July,  1962.  In  August,  1962, 
the  first  multiple  Slmoc  developed  by  the  Mechanical  Research  Division  was  de¬ 
livered  and  tested  in  the  Napier  Shelter  in  Gainesville,  Florida.  Delivery  of 
additional  multiple  Simocs  was  made  during  the  fall  of  1962  and  these:  were 
used  in  testing  the  Central  Stores  Shelter  at  Gainesv* • Ic ,  Florida,  and  a  des¬ 
ignated  area'  shelter  in  Houston,  Texas,  the  la  ter  two  tests  being  a  combined 
effort  of  the  University  of  Florida  and  the  Mechanical  Research  Division  of 
the  General  American  Transportation  Company  (the  Mechanical  Research  Division 
of  the  American  Machine  and  Foundry  Company  had  been  transferred  by  sale  to 
the  General  American  Transportation  Company  in  August,  1962).  All  of  the  tests 
conducted  during  1962,  utilized  the  mobile  environmental  laboratory  which  had 
been  developed  and  constructed  by  the  University  of  Florida. 

In  June,  1963, the  first  mobile  laboratory  developed  under  previously  men¬ 
tioned  contracts  between  the  Office  of  Civil  Defense  and  the  Mechanical  Research 
Division  was  delivered  to  the  University  of  Florida  and  used  in  a  simulated  oc¬ 
cupancy  test  of  a  Civil  Defense  Command  Shelter  located  in  St.  Louis,  Missouri. 
This  laboratory  along  with  the  University  of  Florida  laboratory  was  used  during 
the  summers  of  1963  and  1964  to  carry  out  simulated  occupancy  tests  on  shelters 
ranging  from  family  size  shelters  to  those  designed  for  public  occupancy  with 
capacities  up  to  1,000  occupants.  In  addition  to  supplying  simulated  occupants 
and  a  mobile  laboratory  to  the  University  of  Florida,  the  Mechanial  Research 
Division  of  General  American  Transportation  Company  had  a  contract  to  build  ad¬ 
ditional  test  equipment  and  to  use  this  equipment  in  simulated  occupancy  tests 
to  be  conducted  on  aboveground  shelters. 

During  the  summer  of  1963, and  the  winter  of  1963-64,  and  the  summer  of  1964, 
the  Mechanical  Research  Division  conducted  a  series  of  simulated  occupancy  tests 
on  aboveground  shelters  at  various  geographic  locations  throughout  the  United 
States.  Early  in  1964,  delivery  cf  a  third  mobile  laboratory  was  made  by  the 
Mechanial  Research  Division  to  Guy  B.  Panero,  Inc.,  a  firm  of  consulting  engi¬ 
neers  in  New  York  City  for  the  purpose  of  expanding  tie  aboveground  shelter 
test  program  during  the  1964  calendar  year.  Such  a  program  was  conducted  by 
Guy  B.  Panero,  Inc.  on  a  series  of  survival  shelters  located  in  the  Northeast 
section  of  the  United  States  and  covered  one  winter  test  in  an  underground 
shelter  and  several  aboveground  tests  in  designated  shelter  areas  of  existing 
buildings.  The  University  of  Florida  contract  was  continued  during  1963  and 
1964,  with  one  major  change,  i.e.,  the  scope  of  work  was  expanded  in  1963  to 
include  the  investigation  of  parametric  relationships  that  might  exict  between 
test  data  ontained  at  various  locations  in  the  United  States  and  was  to  include 
an  effort  to  correlate  such  data  and  develop  an  equation  or  a  series  of  curves 
which  would  enable  prediction  of  environmental  conditions  in  shelters  which  hod 
not  been  tested  and  permit  a  study  of  equipment  needs  of  such  shelters  with  the 
ultimate  end  being  to  predict  the  necessary  equipment  needed  for  satisfactory 
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environmental  control  in  shelters  that  had  not  been  tested.  In  November,  1964, 
the  functionof  monitoring  the  test  programs  being  conducted  by  the  University  of 
Florida  was  transferred  from  the  Office  of  Civil  Defense  to  Stanford  Research 
Institute  of  Menlo  Park,  California  and  to  this  end  a  subcontract  was  negotiated 
between  SRI  and  the  University  of  Florida,  covering  a  simulated  occupancy  test  at 
Lakeside,  California,  the  completion  of  progress  reports  on  all  previous  tests  and 
the  preparation  of  a  final  report  on  certain  tests  conducted  by  the  University  of 
Florida  under  previous  contracts  with  the  Office  of  Civil  Defense.  In  March,  1965, 
a  subcontract  was  negotiated  with  SRI  by  the  University  of  Florida  to  cover  the 
preparation  of  a  comprehensive  report  dealing  with  all  test  programs  conducted  by 
the  University  of  Florida  under  contracts  with  the  Office  of  Civil  Defense  and  SRI. 

Under  contracts  with  the  Office  of  Civil  Defense  and  Stanford  Research  Insti¬ 
tute,  the  following  experiments,  located  as  shown  in  Figure  No.  1,  were  conducted: 

Simulated  Occupancy  Test  -  Summerlin  Shelter 

Gainesville,  Florida 

July  5,  1962  -  July  18,  1962 

Simulated  Occupancy  Test  -  Broyles  Shelter 

Gainesville,  Florida 

July  30,  1962  -  August  19,  1962 

Simulated  Occupancy  Test  -  Napier  Shelter 

Gainesville,  Florida 

August  25,  1962  -  September  25,  1962 

Simulated  Occupancy  Test  -  Basement  of  Central  Stores  Building 
Gainesville,  Florida 

September  14,  1962  -  September  25,  1962 

Simulated  Occupancy  Test  -  Reading  Shelter 

Reading,  Pennsylvania 

February  25,  1963  -  March  18,  1963 

Second  Simulated  Occupancy  Test  -  Summerlin  Shelter 

Gainesville,  Florida 

April  9,  1963  -  April  20,  1963 

Simulated  Occupancy  Test  -  Hershey  Shelter 

St.  Louis,  Missouri 

June  5,  1963  -  June  19,  1963 

Simulated  Occupancy  Test  -  St.  Louis  Control  Center 

St.  Louis,  Missouri 

June  7,  1963  -  June  24,  1963 

Simulated  Occupancy  Test  -  Abo  School 

Artesia,  New  Mexico 

July  10,  1963  -  July  22,  1963 

Simulated  Occupancy  Test  -  Francis  Family  Shelter 

Tucson,  Arizona 

July  5,  1963  -  July  15,  1963 
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Simulated  Occupancy  Test  -  Airport  Utility  Tunnel  Shelter 

Tucson,  Arizona 

July  19,  1963  -  July  31,  1963 

Simulated  Occupancy  Test  -  Irvingdale  Shelter 
Lincoln,  Nebraska 

August  29,  1963  -  September  9,  1963 

Simulated  Occupancy  Test  -  Roberta'  Dairy  Company 
Omaha,  Nebraska 

August  6,  1963  -  August  20,  1963 

Simulated  Occupancy  Test  -  Expedient  Community  Shelter 

Port  Belvoir,  Virginia 

September  8,  1963  -  September  15,  1963 

Simulated  Occupancy  Test  -  200  Man  Shelter 

Fort  Belvoir,  Virginia 

September  22,  1963  -  October  11,  1963 

Simulated  Occupancy  Test  -  1000  Man  Shelter 

Fort  Belvoir,  Virginia 

October  14,  1963  -  October  29,  1963 

Simulated  Occupancy  Test 
Bozeman,  Montana 

February  17,  1964  -  March  7,  1964 

Simulated  Occupancy  Test  -  Bureau  of  Yards  and  Docks  Protective  Shelter 

National  Naval  Medical  Center 

Bethesda,  Maryland 

February  28,  1964  -  March  11,  1964 

Simulated  Occupancy  Test  ~  North  Arvada  Junior  High  School 
Arvada  (Denver),  Colorado 
June  15,  1964  -  July  6,  1964 

Simulated  Occupancy  Test  -  Quonset-Type  Structure 
Mercury,  Nevada 

September  8,  1964  -  September  25,  1964 

Simulated  Occupancy  Test  -  Underground  Parking  Garage 
Mercury,  Nevada 

July  22,  1964  -  September  3,  1964 

Simulated  Occupancy  Test  -  Windowless  Test  Structure 
Mercury,  Nevada 

August  18,  1964  «  September  2,  1964 


Simulated  Occupancy  and  Thermal  Response  Tests  of  Three  Identical 

Protective  Structures 

Nevada  Test  Site  -  Mercury,  Nevada 

July  10,  1964  -  August  12,  1964 

Simulated  Occurtfticy  Test  -  Underground  Concrete  Structure 

Lakeside,  California 

October  14,  1964  -  November  5,  1964 


Each  of  the  above  tests  was  discussed  In  Individual  progress  reports 
submitted  to  the  Office  of  Civil  Defense  or  to  Stanford  Research  Institute 
as  appropriate. 


SHELTER  TEST  LOCATIONS 


OBJECT 
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To  conduct  a  series  of  Conner  and  winter  simulated  occupancy  testa  on 
survival  shelters  ranging  i.n  size  from  a  small  (12  occupant)  family  shelter 
to  a  large  (1000  occupant)  comnunlty  shelter,  located  at  various  geographic 
locations  throughout  the  Continental  United  States  and  to  measure  the  effect 
of  ouch  occupancy  on  the  environmental  conditions  within  the  shelter  under 
test. 


To  determine  the  minimum  ventilation  rate  per  occupant  that  would  control 
both  the  chemical  environment  as  to  metabolic  oxygen  and  carbon  dioxide  con* 
centration  In  the  shelter  atmosphere  and  the  thermal  environment  with  respect 
to  effective  temperature  within  the  shelter  and  to  maintain  these  conditions 
at  levels  suitable  for  human  occupancy  in  the  shelter  space  for  periods  up  to 
14  days  duration. 

To  study  the  test  data  obtained  during  this  series  of  tests  and  to  de¬ 
termine  if  a  relationship  could  be  developed  between  ambient  environmental 
conditions,  ground  temperatures,  shelter  structural  material  and  shelter  con¬ 
figuration  which  would  enable  predictions  to  be  made  on  untested  shelters  with 
respect  to  air  flow  requirements  for  maintaining  desired  effective  temperature 
levels. 


THEORY 


For  the  purpose  of  this  study  of  protective  shelter  environments,  the 
human  body  may  be  considered  as  a  "heat  engine",  and  as  such  must  dissipate 
heat  to  its  surroundings.  The  ability  of  an  individual  to  survive  in  an  ad¬ 
verse  thermal  environment  is  related  to  the  ability  of  the  human  body  to  secure 
energy  and  oxygen  to  maintain  metabolism  and  to  regulate  the  rate  of  heat  dissi¬ 
pation  from  the  body  to  maintain  the  body  temperature  within  rather  narrow  lim¬ 
its.  Heat  may  be  dissipated  by  the  mechanisms  of  conduction,  convection,  and 
radiation,  and  by  the  process  of  evaporating  body  moisture  into  the  surrounding 
atmosphere.  Thus,  the  body  affects  its  environment,  and  under  conditions  where 
the  energy  storage  capacities  of  the  environment  are  limited,  an  adverse  buildup 
of  temperature  or  humidity  or  both  may  occur.  The  body,  in  order  to  continue  to 
eliminate  its  waste  heat,  must  then  operate  at  a  higher  temperature,  and  this 
interaction  between  body  and  environment  continuing,  results  finally  in  body 
temperatures  xvhich  cannot  long  be  sustained  without  permanent  damage  or  death. 

It  is  apparent  that  in  many  aspects,  a  study  of  shelter  environments  leads 
into  the  fields  of  psychology  and  physiology,  as  well  as  into  the  thermodynamics 
of  heat  sources  and  heat  sinks.  The  authors,  not  versed  in  the  former  two  fields, 
have  of  necessity  taken  many  guide  lines  from  the  literature.  Some  of  these  are 
outlined  below,  others  are  cited  throughout  this  discussion. 

.  s  a  matter  of  considered  policy,  and  in  order  to  provide  space  for  a  large 
numb '  :  of  occupants  at  a  minimum  of  cost,  a  criteria  of  10  square  feet  of  floor 
area  per  occupant  has  been  selected  as  a  minimum.  Ceiling  heights  of  7  feet  are 
usual.  The  resulting  volume  of  70  cubic  feet  is  bounded  at  the  minimum  by  20 
square  fe*t  of  floor  and  ceiling  and  by  a  varying  amount  of  wall  area  as  deter¬ 
mined  by  shelter  configuration  and  size. 

Previous  work  in  the  field  of  ventilating  buildings  and  shelters  indicates 
that  "  cubic  feet  per  minute  of  ventilating  air  per  occupant  will  supply  suffi¬ 
cient  oxygen  to  maintain  a  terminal  carbon  dioxide  content  of  less  than  0.5% 
by  volume. ^  This  percentage  is  considered  below  the  threshold  of  undesirable  re¬ 
action  due  to  C02  gas.  Thus,  a  minimum  ventilation  rate  of  3  c . f.m. /occupant  has 
been  establ  i.ihod  £cr  protective  shelters,  and  while  it  is  possible  that  this  rate 
vtlil  be  sufficient  for  both  ventilation  and  heat  absorption  in  cold  environments, 
the  adequacy  of  this  amount  of  ventilation  air  is  one  of  the  prime  matters  to  be 
investigated  in  environmental  studies  under  other  climatic  conditions. 

Heat  release  rates  ot  human  bodies  have  been  well  established  by  previous 
investigations  and  arc*  shown  in  Table  l  for  the  temperature  range  that  might 
expected  in  a  survival  shelter  occupied  during  the  summer  months. 


Table  I 


Observed  Metabolic  Heat  Losses  for  Sedentary  Adults* 


Dry-Bulb 

Temperature 

F 

Sensible 

Heat  Loss, 

Btu/hr 

Latent 

Btu/hr 

Heat  Loss 

Lb  water/hr 

50 

335 

65 

0.062 

60 

330 

70 

0.067 

70 

300 

100 

0.096 

80 

220 

180 

0.173 

90 

115 

285 

0.274 

loo 

0 

400** 

0.384 

110 

-120 

520 

0.499 

*  Valuec  taken  from  1964  ASHRAE  Guide  and  Data  Book, 
Chapter  30,  Page  338,  Table  3 

**  400  Btu/hr  is  equivalent  to  117  Watts 


It  will  be  noted  that  as  tM  temperature  rises,  the  body  dissipates  more  of 
its  heat  by  evaporation  and,  thus,  the  latent  heat  load  increases  with  an  increase 
in  the  dry  bulb  temperature  of  the  atmosphere  surrounding  the  body.  At,  and  above 
100  F,  all  body  cooling  is  taking  place  by  means  of  evaporation. 

-The  heat  generated  in  a  shelter  by  the  occupants  and  other-  necessary  equip¬ 
ment  must  be  absorbed  by  the  ventilation  air  or  transferred  through  the  boundaries 
of  the  shelter.  If  the  rate  of  heat;  removal  is  not  equal  to  the  rate  of  heat 
production,  then  the  temperature  and/or  humidity  within  the  shelter  will  increase 
and  in  time  the  shelter  will  become  uninhabitable. 

The  exact  relationship  which  must  exist  between  temperature  and  humidity  to 
create  conditions  that  cannot  be  tolerated  by  human  occupants  is  open  to  some 
debate,  and  undoubtedly,  varies  to  some  degree  from  individual  to  individual  and 
perhaps  is  related  to  the  general  state  of  health  and  age  of  a  particular  occupant. 
For  the  purposes  of  thia  report,  it  is  assumed  that  the  average  occupant  of  the 
survival  shelter  cannot  tolerate,  for  extended  periods,  conditions  which  are 
equivalent  to  a  dry  bulb  temperature  of  85  F  and  a  relative  humidity  of  100%.  In 
order  to  evaluate  shelter  conditions  in  terms  of  this  tolerance  limit,  an  effec¬ 
tive  temperature  scale  is  used.  Effective  temperature  may  be  defined  as  an 
empirical  index  of  a  human  being'?  relative  discomfort  based  on  effects  of 
temperature,  humidity,  and  air  motion.  Thus,  a  dry  bulb  temperature  in  excess 
of  85  F,  coupled  with  a  relative  humidity  of  less  than  100%,  can  bring  about  a 
condition  eauivalent  to  85  F  and  100%  relative  humidity. 

If  the  surroundings  are  hot,  but  at  a  low  relative  humidity,  the  body 
may  not  suffer  undue  discomfort  and  the  same  might  be  true  of  a  cool  but  humid 
environment  in  which  a  larger  proportion  of  metabolic  heat  would  be  lost  by 
conduction  or  radiation.  Various  combinations  of  temperature  and  humidity  might 
be  expected  to  produce  similar  sensations  or  physiological  responses  within  the 
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body.  The  effective  temperature  index  isa  method  of  estimating  the  body's 
response  to  such  varying  conditions.  Some  effective  temperatures  are  given 
in  Table  II;  these  values  derived  from  a  more  complete  presentation  found  in 
the  literature. 3 

Indications  were  that  environmental  conditions  in  survival  shelters 
would  be  most  severe  during  summer  occupancy.  This  followed  from  the  fact 
that  at  this  time,  ventilation  air  temperature  would  be  at  its  maximum,  while 
ground  temperatures  would  be  approaching  their  maximum  values.  Generally,  it 
was  appropriate  to  conduct  as  many  tests  as  possible  during  the  periods  of 
warm  ground  temperatures.  In  order  that  naturally  occuring  periods  of  atyp¬ 
ical  weather  might  not  cloud  the  results,  it  was  necessary  to  provide  a  source 
of  ventilation  air  that  had  been  conditioned  as  to  temperature  and  moisture 
content.  This  was  accomplished  by  the  operation  of  an  air  washer  and  associ¬ 
ated  water  chiller  and  heater  as  explained  in  the  section  entitled,  "Air 
Handling  Equipment".  This  equipment  was  adjusted  each  hour  so  that  the  venti¬ 
lation  air  was  caused  to  follow  a  synthetic  "design  day"  whose  temperature  and 
humidity  variations  were  constructed  on  the  basis  of  a  study  of  weather  records 
for  at  least  five  years  prior  to  the  date  of  the  test.^ 

In  order  that  environmental  conditions  in  a  shelter  be  maintained  at  some 
predetermined  value  with  respect  to  temperature  and  humidity,  it  is  necessary 
to  remove  the  sensible  and  latent  heat  released  in  the  shelter  at  the  same  rate 
that  such  heat  is  being  produced.  Sensible  heat  may  be  removed  by  means  of 
heat  conduction  through  the  walls  of  the  shelter  and  by  increasing  the  temper¬ 
ature  of  the  ventilation  air  as  it  passes  through  the  shelter.  Thus,  the  dry 
bulb  temperature  of  the  entering  ventilation  air  is  a  factor  which  controls 
the  ability  of  the  ventilation  air  to  absorb  heat  and  maintain  a  predetermined 
dry  bulb  temperature.  In  the  case  of  underground  shelters,  the  earth  surround¬ 
ing  the  shelter  may  provide  a  heat  sink,  provided  that,  the  temperature  level 
of  the  surrounding  earth  is  lower  than  the  temperature  level  being  maintained 
within  the  shelter.  In  addition  to  being  a  heat  bridge,  the  shelter  structure 
and  the  earth  surrounding  the  shelter  structure  may  be  porous  enough  to  permit 
water  vapor  to  migrate  through  the  structure  and  into  the  earth  surrounding  the 
structure.  At  some  point  during  such  migration,  dependent  upon  ambient  climat¬ 
ic  conditions,  this  migration  will  cease  due  to  the  fact  that  the  water  vapor 
will  condense  and  give  up  its  latent  heat  to  the  soil  or  to  the  structure  and 
increase  the  moisture  content  at  the  point  of  condensation.  Shelters  construc¬ 
ted  of  concrete,  wood,  or  other  permeable  material  have  a  capacity  for  storing 
both  sensible  heat  and  moisture  and  if  surrounded  by  earth,  this  storage  capa¬ 
city  may  be  increased. 

The  ventilation  air  under  certain  conditions  will  have  an  ability  to 
remove  moisture  from  the  shelter  when  such  moisture  is  in  vapor  form.  The 
amount  of  moisture  that  can  be  removed  from  the  shelter  by  the  ventilation 
air  is  dependent  on  the  moisture  content  of  the  ventilation  air  as  it  enters 
the  shelter,  the  quantity  of  ventilation  air,  the  temperature  of  the  ventila¬ 
tion  air,  and  the  path  the  ventilation  air  follows  through  the  shelter.  Since 
the  ability  of  the  ventilation  air  to  remove  sensible  heat  and  moisture  from 
a  shelter  is  dependent  on  the  dry  bulb  temperature  of  the  air  and  the  moisture 
content  of  the  ventilation  air,  any  test  program  that  would  be  useful  in  deter¬ 
mining  occupied  shelter  conditions  for  a  given  geographic  area  should  be  con¬ 
ducted  under  climatic  conditions  which  are  typical  of  the  geographic  area. 

Since  climatic  conditions  are  subject  to  change  from  season  io  season,  the 
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proper  selection  of  a  typical  day  for  use  in  connection  with  a  shelter  test 
is  of  utmost  importance.  The  study  of  past  Weather  Bureau  data  for  the  test 
locality  can  be  useful  as  a  means  of  determining  climatic  trends  and  for  an¬ 
ticipating  climatic  conditions  in  the  future. 

An  examination  of  past  Weather  Bureau  records  for  ambient  temperature 
conditions  for  a  given  locality  would  reveal  certain,  periods  during  a  summer 
season  when  recorded  wet  bulb  temperatures  could  be  used  to  establish  extremes 
in  energy  content  (enthalpy)  of  the  ambient  air.  Past  experience  in  the  air- 
conditioning  field  indicates  that  it  is  not  good  engineering  practice  to  base 
typical  design  days  on  the  maximum  wet  and  dry  bulb  temperatures  previously 
recorded  for  an  area.  It  is  common  engineering  practice  to  select  wet  and  dry 
bulb  temperatures  which  will  not  be  exceeded  for  more  than  some  arbitrarily 
selected  percentage  of  the  heating  or  cooling  season.  The  same  means  as  used 
in  modifying  the  maximum  temperature  variations  which  result  in  a  typical  ef¬ 
fective  temperature  day  may  be  applied  to  modifying  the  maximum  energy  vari¬ 
ations  in  the  ambient  air  and  would  result  in  selecting  values  of  wet  and  dry 
bulb  temperatures  which  could  be  used  as  the  basis  for  a  typical  ambient  en¬ 
thalpy  day.  The  dry  bulb  temperatures  selected  in  this  manner  would  be  coupled 
with  an  hourly  variation  in  dew  point  for  such  a  typical  day. 

Three  possibilities  for  selecting  typical  ambient  days  are  as  follows: 

1.  A  typical  enthalpy  day  using  hourly  variations  in  ambient  dry„bulb 
temperatures  and  hourly  variations  in  dew  point  as  a  basis  for  con¬ 
ditioning  shelter  ventilation  air. 

2.  A  typical  enthalpy  day  using  hourly  variations  in  ambient  dry  bulb 
temperatures  and  a  constant  dew  point  based  on  the  average  dew  point 
for  a  typical  day. 

3.  Selecting  values  of  wet  and  dry  bulb  temperatures  from  past  Weather 
Bureau  records  which  give  ambient  effective  temperatures  that  are  not 
exceeded  by  more  than  some  arbitrarily  selected  percentage  for  a  given 
period  of  time  and  using  these  valies  of  wet  and  dry  bulb  temperature 
as  a  standard  for  conditioning  shelter  ventilation  air. 

Figure  Nos.  2a,  2b,  and  2c  are  plots  of  wet  and  dry  bulb  temperatures  which 
were  used  as  typical  days  for  a  shelter  test  in  Lakeside,  California.  These 
plots  are  based  on  the  study  of  past  Weather  Bureau  records  for  a  10-year 
period.  The  values  of  wet  and  dry  bulb  temperatures  used  to  generate  these 
curves  represent  temperature  and  humidity  variations  that  would  not  be  exceeded 
for  more  than  1%  of  the  time  during  any  summer  season.  The  use  of  more  than 
one  design  day  may  be  necessary  to  properly  test  a  shelter  since  an  analysis  of 
the  Weather  Bureau  data  indicates  that  in  many  cases  the  period  of  ambient  cli¬ 
matic  conditions  in  a  given  locality  which  are  most  severe  with  respect  to 
energy  content  (enthalpy)  are  not  always  coincident  with  the  periods  of  highest 
effective  temperatures. 

Since  the  soil  surrounding  underground  shelters  may  serve  as  a  heat  sink 
for  hett  transferred  from  the  shelter,  the  thermal  conductivity  of  such  soil  is 
important  since  thermal  conditions  within  the  shelter  are  related  to  the  rate 
of  heat  transfer  through  tiie  shelter  walls  and  through  the  soil.  Figure  No.  3 
is  a  plot  of  thermal  conductivity  for  various  soils  against  moisture  content 
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Fi«.2a  TEMPERATURE  VARIATION  with  TIME  for  HIGH  DESIGN  DAY,  LAKESIDE,  CALIFORNIA 
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for  the  soils  and  indicates  that  the  moisture  content  of  soils  is  the  prime 
controlling  factor  for  soil  thermal  conductivity.  For  this  reason,  the 
moisture  content  of  the  soil  surrounding  a  shelter  or  in  the  locality  where  a 
shelter  is  proposed  io  a  matter  of  prime  importance  if  predictions  are  to  be 
made  concerning  the  ability  of  the  soil  surrounding  a  shelter  to  act  as  a  heat 
sink. 


If  the  assumption  is  made  that  the  earth  surrounding  a  shelter  is  not 
capable  of  absorbing  or  storing  any  of  the  heat  released  in  a  shelter,  it  would 
then  become  necessary  to  absorb  all  of  the  heat  released  within  the  shelter  by 
means  of  the  ventilation  air  passing  through  the  shelter.  For  a  given  geographic 
location  and  a  given  set  of  Weather  Bureau  data  covering  such  a  location,  it  is 
possible  to  calculate  the  ventilation  air  required  under  adiabatic  conditions 
to  meet  maximum  predetermined  environmental  conditions  within  a  shelter.  Such 
calculations  are  based  on  assuming  a  series  of  maximum  effective  temperatures 
for  the  shelter  interior,  and  calculating  a  corresponding  air  flow  for  each 
effective  temperature.  The  resulting  values  of  effective  temperatures  may  be 
plotted  against  air  flows.  Such  a  curve  could  be  used  as  a  basis  of  comparison 
or  prediction  and  as  an  indication  of  the  effectiveness  as  a  heat  sink  of  the 
earth  surrounding  a  real  shelter.  A  typical  adiabatic  ventilation  curve  is 
shown  in  Figure  No.  4. 
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SHELTERS 


This  report  covers  simulated  occupancy  tests  conducted  In  24  shelters  located 
In  various  geographic  areas  of  the  Continental  United  States  (See  Figure  No.  1  for 
the  exact  location  for  each  test).  In  addition  to  the  24  tests  covered  In  this  re¬ 
port,  the  University  of  Florida  assisted  the  Mechanical  Research  Division  of  the 
General  American  Transportation  Corporation  in  a  simulated  occupancy  test  in  a  des¬ 
ignated  shelter  in  Houston,  Texas.  Of  the  25  test  shelters,  one  shelter  was  com¬ 
pletely  above  ground  and  had  no  earth  covering.  Two  shelters,  the  Central  Stores 
Shelter,  Gainesville,  Florida,  and  the  Police  Garage,  Houston,  Texas,  were  partially 
below  ground.  All  of  the  other  test  shelters  were  either  completely  below  ground 
or  else  had  earth  mounded  around  them  to  afford  a  minimum  of  36  Inches  of  earth 
cover  around  the  sides  of  the  shelters.  In  two  cases,  the  Abo  School,  Artesia,  New 
Mexico,  and  the  Irvingdale  Shelter,  Lincoln,  Nebraska,  tlu  test  shelters  had  con¬ 
crete  reinforced  roofs  but  no  earth  cover  on  the  roof.  The  test  shelters  varied  In 
size  from  a  family  type  shelter  of  12  occupant  capacity  (Broyles  Shelter,  Gainesville, 
Florida)  to  a  2000  occupant  community  shelter  (Irvingdale  Shelter,  Lincoln,  Nebraska) 
and  varied  in  configuration  from  vertical  cylinders  with  spherical  roofs  (Francis 
Shelter,  Tucson,  Arizona)  to  long,  narrow,  tunnel  like  structures  (Tucson  Airport 
Utility  Tunnel,  Tucson,  Arizona)  with  the  majority  being  rectangular  in  shape  (the 
Hershey  Shelter,  St.  Louis,  Missouri,  and  the  Irvingdale  Shelter,  Lincoln,  Nebraska). 
The  majority  of  the  shelters  were  made  up  of  reinforced  concrete,  however,  some  of 
the  shelters  were  constructed  of  concrete  blocks  with  reinforcing  rods  passing  through 
the  voids  in  the  blocks  and  the  voids  filled  with  mortar  as  the  shelter  was  laid  up. 
Some  attempt  had  been  made  to  waterproof  either  the  exterior  or  the  interior  of  all 
of  the  shelters  that  were  constructed  of  concrete  or  concrete  products.  Three  shel¬ 
ters  were  of  steel  construction.  One,  the  Summerlin  Shelter,  Gainesville,  Florida, 
was  made  up  of  welded  steel  plate  treated  with  a  protective  coating  to  prevent  rust 
and  anchored  in  the  ground  by  means  of  submerged  screw  type  "dead  men".  The  Navy 
Shelter  at  Bethesda,  Maryland,  and  the  Quonset  Type  Structure  at  Mercury,  Nevada, 
were  made  up  of  arched,  corregated  steel  plates  reinforced  with  steel  I-Beams  and 
mounted  on  a  concrete  slab. 

Several  of  the  test  shelters  had  had  previous  occupancy  and  some  of  the  shel¬ 
ters  were  serving  a  dual  purpose.  For  example:  The  Command  Post,  St.  Louis, 

Missouri,  was  used  as  office  space  for  Civil  Defense  personnel;  the  basement  of 
the  Arvada  School,  Denver,  Colorado,  was  used  as  a  recreation  and  dressing  room 
area;  and  the  Abo  School,  Artesia,  New  Mexico,  served  as  a  regular  school  and  had 
the  secondary  purpose  of  a  survival  shelter. 

In  general,  the  shelters  did  not  have  mechanical  equipment  installed  and  with 
the  exception  of  the  Navy  Shelter  in  Bethesda,  Maryland,  had  not  been  occupied  by 
human  beings  under  survival  shelter  loading  conditions.  Where  shelters  did  have 
ventilation  equipment  installed,  the  adequacy  of  such  equipment  was  checked  during 
the  simulated  occupancy  texts.  Such  shelters  were  the  Abo  School,  Artesia,  New 
Mexico,  the  St.  Louis  Command  Center,  St.  Louis,  Missouri,  and  the  Reading  Shelter, 
Reading,  Pennsylvania.  In  the  1000  man  shelter.  Fort  Belvoir,  Virginia,  an  attempt 
was  made  to  evaluate  the  air  distribut ion  system  within  the  shelter. 

In  the  case  of  the  underground  shelters  and  those  that  were  partially  buried, 

'oil  samples  were  taken  at  various  points  surrounding  the  shelter.  Records  were 
maintained  to  determine  the  density  of  the  soil  and  the  moisture  content.  In  some 
cases,  the  coefficient  of  heat  transfer  was  computed  for  a  part'  ular  soil. 
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An  effort  was  made  to  select  shelters  In  such  a  manner  that  the  test  program 
would  cover  a  wide  variation  of  climatic  conditions  and  that  tests  would  be  con¬ 
ducted  in  localities  where  climatic  conditions  were  severe  with  respect  to  tempera¬ 
ture  and  humiuify.  In  addition,  an  effort  was  made  to  select  shelters  that  would 
give  a  cross  section  with  respect  to  configuration,  type  of  material  and  type  of 
soil  surrounding  the  shelter  in  order  that  some  general  conclusions  on  environment, 
with  respect  to  typical  shelters,  could  be  defined.  Shelters  were  tested  under 
summer  and  winter  conditions,  the  winter  tests  being  conducted  at  Bozeman,  Montana, 
and  Reading, Pennsylvania,  and  in  localities  of  high  and  low  ground  temperatures. 
With  a  single  exception  all  tests  were  conducted  using  simulated  occupants,  the 
exception  being  Roberts'  Hairy  Test  near  Omaha,  Nebraska, where  an  underground  shel¬ 
ter  designed  for  the  protection  of  breed  stock  in  the  dairy  industry  was  tested 
using  live  cattle. 
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Simulated  Occupants  In  order  to  simulate  the  heat  and  moisture  released 
by  human  beings  that  would  normally  occupy  the  shelters  that  were  tested  during 
the  course  of  research  work  described  in  this  report,  it  was  necessary  to  use 
devices  that  simulated  the  metabolic  heat  release  rates  of  human  beings.  Since 
the  shelters  tested  under  the  research  program  covered  by  this  report  varied  in 
size  from  small  family  shelters  (12  occupants)  to  large  community  shelters  (1,000 
occupants),  it  was  necessary  to  use  two  types  of  simulated  occupants.  One,  an 
individual  simulated  occupant  capable  of  releasing  the  heat  and  moisture  typical 
of  the  metabolic  heat  release  rate  of  a  single  human  being  and  two,  a  Mass  Simu¬ 
lator  which  consisted  of  a  single  device  suitable  for  releasing  the  heat  and 
moisture  that  would  be  associated  with  a  group  of  shelter  occupants.  These 
devices  were  called  Simocs  and  in  the  case  of  the  device  that  simulated  groups 
cf  human  beings  are  referred  to  as  Mass  Simocs.  In  general,  the  individual 
Simoc  was  used  for  loading  shelters  that  did  not  exceed  100  occupant  capacity. 

It  was  found  that  the  associated  plumbing  for  metering  the  latent  water  to  each 
Simoc  and  the  electrical  controls  necessary  for  metering  the  electrical  input 
to  each  Simoc  became  complicated  and  difficult  to  control  where  more  than  100 
Individual  Simocs  were  used.  In  general,  the  Mass  Simocs  were  used  in  shelters 
designed  for  more  than  100  human  occupants,  however,  on  occasion,  shelters 
designed  for  50  occupants  were  tested  using  the  Mass  Simoc.  Test  experience 
indicated  that  the  Mass  Simoc  could  be  used  for  simulation  of  shelter  occupants 
as  long  as  the  volume  of  the  shelter  under  test  was  such  that  the  air  currents 
created  by  the  Mass  Simoc  fan  did  not  disturb  the  air  flow  through  the  shelter 
and  did  not  disturb  the  overall  heat  transfer  coefficient  through  the  shelter 
walls.  Mass  Simocs  could  probably  have  been  used  in  shelters  designed  for  30-35 
human  occupants, but,  in  order  to  have  a  margin  of  safety,  no  tests  were  conducted 
where  Mr*ss  Simocs  were  Aised  in  a  shelter  designed  for  less  than  50  occupants. 

Each  of  the  simulated  occupants  will  be  described  in  detail  in  the  paragraph 
that  follows. 

Individual  Simulated  Occupant  These  devices  hereafter  referred  to  as 
Simocs  were  designed  to  approximate  the  metabolic  heat  release  of  an  average 
adult  human  being.  The  individual  type  Simoc  was  copied  from  a  design  origi¬ 
nated  by  the  United  States  Bureau  of  Standards  and  used  by  them  in  a  pioneer 
test  of  protective  shelter  environment  under  simulated  occupancy  conditions.* 

Ic  consisted  of  two  concentric  cylinders  of  sheet  metal,  38  inches  high.  The 
outer  cylinder  had  a  diaceter  of  22  inches  and  was  closed  at  one  end  by  a 
conical  cap  5-1/2  inches  high,  both  the  cylinder  and  cone  were  covered  by  a 
closely  fitted  sheath  of  toweling  material  of  the  type  known  as  "huck"  and 
commonly  used  for  drying  dishes.  The  inner  cylinder  had  a  diameter  of  15 
inches.  This  inner  cylinder  was  insulated  with  1/2  inch  of  glass  fiber  on 
its  exterior  surface  and  was  open  at  top  and  bottom.  The  entire  device 
rested  on  a  two  foot  square  sheet  metal  base  with  a  retaining  rim  of  2  inches 
on  all  sides.  At  the  center  of  this  base,  an  electric  socket  was  mounted  and 
fitted  with  a  660-watt  cone-type  electric  heating  element.  The  entire  assembly 
was  supported  on  a  base  consisting  of  a  sheet  of  1/4  inch  exterior  type  plywood 
resting  on  a  layer  of  2  inches  (uncompressed  thickness)  of  gl«.ss  fiber  insula¬ 
tion.  The  construction  of  the  individual  Simoc  mav  be  seen  in  Photograph  No.  1. 
In  the  background  may  be  se*n  the  variable  transformers  employed  to  reduce  the 
voltage  impressed  on  the  heater  element. 

The  heating  element  was  operated  at  a  reduced  voltage  so  that  the  heat 
output  was  117  rather  than  660-watts.  In  this  manner,  the  surface  temperature 
of  the  heating  element  was  kept  low,  and  it  was  considered  that  energy  transfer 
by  radiation  was  greatly  reduced.  The  insulation  of  the  inner  of  the  two  cylin¬ 
ders  further  .served  to  reduce  radiation.  A  thermal  current  was  set  up  in  the 
inner  cylinder,  rising  through  the  center  and  returning  through  the  annular 


Photograph  No.  1.  Individual  Simulated  Occupant  and  Regulated  Power  Supply 
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space  between  the  inner  cylinder  and  the  outer  cylinder.  The  Bureau  of  Standards 
evaluated  surface  temperatures  between  the  outside  metal  surface  and  the  surrounding 
cloth  cover  and  found  them  to  range  from  90  to  95  F,  so  the  "skin"  of  the  Simoc  very 
closely  approximated  the  temperature  of  human  skin.  It  might  be  mentioned  here  that 
the  outside  area  of  the  Simoc,  21  1/2  square  feet,  is  the  same  as  the  skin  area  of 
the  average  male  adult. 

By  supplying  water  to  the  apex  of  the  cone  which  made  up  the  "head"  of  the 
Simoc,  the  entire  top  and  a  circumferential  band  of  cloth  could  be  wetted.  The 
heat  from  the  interior  of  the  device  caused  the  water  to  evaporate,  thus  simulat¬ 
ing  the  latent  heat  release  from  the  skin  and  lungs  of  a  human  occupant.  Since 
the  total  heat  output  of  the  electric  element  was  kept  constant  at  117  watts,  or 
400  Btu  per  hour,  the  latent  heat  fraction  could  be  varied  as  more  or  less  water 
was  supplied.  Although  no  exhaustive  tests  were  conducted,  it  was  determined  that 
"huck"  toweling  was  superior  to  "terry"  cloth  and  to  felt,  as  a  surface  on  which 
to  disperse  and  evaporate  the  water  supplied  to  the  Simoc.  When  "huck"  toweling 
was  employed,  the  Simoc  would  wet  evenly  from  top  to  bottom  under  conditions  of 
high  humidity. 

A  typical  installation  of  the  Individual  Simoc  in  a  test  shelter  is  shown 
in  Photograph  No.  2.  Also  shown  in  this  view  are  two  of  the  metering  distributing 
devices  that  supplied  water  to  each  Simoc.  Water  supplied  .the  Simocs  was  first 
treated  in  the  zeolite  softener  shown  to  prevent  a  buildup  of  insoluble  salts  on 
their  cloth  coverings. 

Mass  Occupant  Simulator  This  device  hereafter  referred  to  as  a  Mass  Simoc 
was  designed  to  simulate  the  heat  and  moisture  produced  by  the  metabolic  process 
of  a  group  of  human  beings  and  was  equipped  with  a  heat  and  moisture  source  coupled 
and  arranged  in  such  a  manner  that  a  single  unit  could  simulate  the  heat  and  mois¬ 
ture  release  of  up  to  60  human  beings.  An  adjustment  in  the  number  of  occupants  to 
be  simulated  could  be  made  by  regulating  the  electrical  energy  input  to  the  heating 
element  which  was  a  part  of  this  device.  Regulation  of  the  moisture  delivered  by 
the  atomizing  section  of  the  device  was  accomplished  by  varying  the  stroke  of  a 
sensitive  metering  pump.  Moisture  regulation  was  limited  to  the  extent  that  the 
settings  of  moisture  delivered  by  the  pump  were  arranged  in  increments  which  sim¬ 
ulated  the  moisture  release  equivalent  to  five  human  beings.  Thus  the  capacity  of 
this  device  could  be  adjusted  to  simulate  from  five  to  sixty  occupants  in  increments 
of  five  occupants.  The  electrical  adjustment  available  on  this  device  permitted  the 
heating  element  in  the  device  to  produce  heat  through  a  range  of  from  0-7  1/2  kilo¬ 
watts.  This  device  was  developed  under  a  research  and  development  contrac*-  negoti¬ 
ated  between  the  Office  of  Civil  Defense  in  Washington,  D.  C.  and  the  Mechanical 
Research  Division  of  the  American  Machine  and  Foundry  Company  of  Niles,  Illinois, 
(this  Di/ision  was  transferred  by  sale  to  the  General  American  Transportation  Company 
as  of  August,  1962). 

The  Mass  Simoc  consisted  of  a  whirling  disc  atomizer  which  supplied  a  mist 
of  water  droplets  which  were  picked  up  in  a  stream  of  air  that  was  produced  by  a 
propeller  type  fan.  Before  the  air  stream  from  this  fan  came  into  contact  with 
the  droplets,  the  air  had  been  forced  through  a  heating  element.  At  the  discharge 
side  of  the  Mass  Simoc  there  was  formed  an  envelope  which  contained  heated  air  in 
contact  with  water  droplets  and,  depending  upon  the  amount  of  water  delivered  by 
the  atomizer  and  the  amount  of  heat  delivered  by  the  electric  heater,  both  latent 
and  sensible  heat  were  released  into  the  shelter  area.  The  fan,  heater,  and  atom¬ 
izer  are  shrouded  and  heated  air  and  moisture  are  discharged  through  a  circular 


Photograph  No.  2.  Typical  Installation  of  Individual  Simocs  and  Metering- 

Distributing  Devices  for  Water  Delivery  to  Each  Simoc 
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opening.  Photographs  of  Mass  Sitnocs  looking  into  the  heater  and  shrouded  dis¬ 
charge  and  a  rear  view  are  shown  on  the  next  pages.  See  Photograph  Nos.  3  and  4. 

The  discharge  from  this  type  of  Simoc  is  directional  in  character  and  care 
needed  to  be  exercised  to  prevent  water  impingement  upon  the  walls  of  the  shelter 
and  insure  equal  distribution  of  the  heat  released  by  the  Simoc.  The  Mass  Simoc 
contained  a  transducer  which  sensed  dry  bulb  temperature  in  the  shelter  area  and 
controlled  a  variable  stroke  metering  pump  which  adjusted  the  water  flow  to  the 
air  stream  in  accordance  with  the  ambient  temperature  in  the  shelter.  Thus,  the 
latent  load  within  the  shelter  followed  ambient  temperature  changes  in  the  same 
manner  that  the  latent  load  in  a  shelter  would  follow  these  changes  if  actual 
human  beings  were  used  as  subjects.  Photograph  No.  5  shows  a  typical  installa¬ 
tion  using  Mass  Simocs  as  a  means  of  loading  a  test  shelter. 

In  order  to  check  up  on  the  validity  of  the  use  of  simulated  occupants  and 
to  test  the  accuracy  of  these  occupants  as  substitutes  for  human  occupants,  a 
test  was  conducted  in  a  shelter  that  had  previously  been  occupied  by  human  occu¬ 
pants.  Environmental  conditions  with  respect  to  ventilation  air  and  surrounding 
soil  were  either  controlled  or  selected  in  such  a  manner  as  to  duplicate  the 
tests  conducted  with  the  human  beings  so  that  the  only  variable  was  the  substitu¬ 
tion  of  the  simulated  occupant.  As  a  result  of  this  test,  it  was  determined  that 
the  simulated  occupants  were  a  suitable  replacement  for  human  occupants.  This  test 
is  described  in  detail  in  a  progress  report  covering  a  simulated  occupancy  test  of 
the  Bureau  of  Yards  and  Docks  Protective  Shelter,  National  Naval  Medical  Center, 
Bethesda,  Maryland.^ 

As  a  means  of  calibrating  the  Mass  Simoc  and  comparing  it  to  the  Individual 
Simoc,  a  test  was  conducted  in  a  shelter  containing  1600  square  feet  of  floor  area. 
This  test  indicated  that  the  Mass  Simoc  was  capable  of  duplicating  the  effects 
brought  about  on  the  environment  of  an  enclosed  space  in  the  same  manner  as  an 
Individual  Simoc.  This  test  consisted  of  alternating  the  loading  of  a  shelter 
between  Individual  Simocs  and  Mass  Simocs  and  observing  the  results  as  recorded 
with  respect  to  environment  to  determine  if  discontinuities  existed.  From  an 
examination  of  the  data,  it  was  not  possible  to  tell  when  the  loading  was  changed 
from  one  type  of  Simoc  to  another  type  of  Simoc  and  it  was  concluded  that  in  shel¬ 
ters  of  this  size  that  the  Simocs  could  be  used  with  complete  interchangeability. 
For  more  details  of  this  calibration  test,  refer  to  progress  yeport  covering  sim¬ 
ulated  occupancy  test,  Napier  Shelter,  Gainesville,  Florida. 


Photograph  No.  3.  Multiple  Simoc  —  5  to  60  Occupant  Capacity 
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Photograph  No.  5.  Typical  Test  Shelter  Using  Mass  Simocs 


Air  Handling  Equipment 


In  order  to  maintain  control  of  environmental  conditions  as  related  to  ventila¬ 
tion  air  and  to  make  test  results  for  a  particular  shelter  independent  of  minor 
climatic  changes  which  might  occur  during  the  time  that  such  a  test  program  was 
in  progress,  it  was  deemed  necessary  to  have  equipment  available  for  conditioning 
ambient  air  to  meet  the  requirements  of  a  typical  high  design  day,  for  climatic 
conditions  in  the  location  where  the  test  was  to  be  conducted.  Conditioning  of 
the  ventilation  air  was  accomplished  by  meiins  of  a  combination  air  washer  and 
air  reheater  located  in  an  equipment  trailer.  The  ventilation  air  was  passed 
through  the  air  washer  which  could  be  supplied  with  chilled  or  heated  spray 
water.  In  this  manner  the  ventilation  air  could  be  heated,  cooled,  humidified, 
or  dehumidified  as  needed  to  meet  the  conditions  of  the  design  day.  The  actual 
conditions  of  the  ventilation  air  with  respect  to  moisture  content  were  controlled 
by  sensing  and  controlling  the  dew  point  of  the  air  as  it  left  the  air  washer. 

After  leaving  the  air  washer,  the  ventilation  air  was  passed  through  a  reheat 
section  which  consisted  of  a  series  of  finned  coils  with  hot  water  passing  through 
the  inside  of  the  coil  and  the  ventilation  air  being  forced  across  the  finned  side 
of  the  coil.  Thus,  any  desired  dry  bulb  temperature  could  be  maintained  within  the 
limits  of  the  water  temperature  available  for  the  coils.  The  water  temperature 
within  the  coils  and  the  amount  of  water  flow  through  the  coils  was  controlled  by 
a  rotary  cam  whose  profile  was  cut  to  reproduce  the  dry  bulb  temperature  called 
for  by  the  typical  design  day  for  the  locality  where  a  test  was  to  be  conducted. 
Figure  Nos.  2a,  2b  and  2c  as  discussed  in  the  section  on  THEORY  are  typical  of  the 
type  of  curve  used  to  control  environmental  conditions  for  the  ventilation  air 
supplied  to  a  test  shelter. 

During  periods  when  the  desired  conditions  in  the  ventilation  air  supply 
differed  greatly  from  outside  ambient  conditions,  it  was  necessary  to  supple¬ 
ment  the  humidifying  and/or  heating  capacity  of  the  equipment.  This  was 
accomplished  by  returning  a  portion  of  the  shelter  exhaust  air  directly  to 
the  air  handling  equipment  inlet,  thus  conserving  the  moisture  or  heat  which 
had  been  added  during  its  passage  through  the  shelter.  Photograph  No.  6  shows 
a  typical  shelter  test  in  process  and  shows  the  equipment  trailer  and  associated 
air  handling  equipment  along  with  the  recirculating  air  duct  which  is  attached  to 
the  side  of  the  equipment  trailer. 

Control  of  the  volume  of  ventilation  air  was  accomplished  by  variable  area 
louvers  ahead  of  the  main  blower,  and  by  a  variable  diameter  pulley  in  the  drive 
train  of  the  blower.  During  periods  of  very  low  air  flow.  It  was  also  possible 
to  "dump"  conditioned  air  and  thus  maintain  a  sufficient  load  on  the  equipment 
to  ensure  adequate  control. 


Photograph  No.  6.  Air  Handling  Equipment,  Instrumentation  Trailer  and  Recirculating  Duct 
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Instrumentation 

As  outlined  in  the  section  entitled  THEORY,  the  study  of  the  thermal  behavior 
of  a  protective  shelter  being  tested  under  simulated  occupancy  conditions  involved 
both  measurement  and  control.  In  such  a  test  program,  there  are  five  energy  and/ 
or  material  flows  of  significance.  They  are  listed  as  follows:  supply  ventila¬ 
tion  air,  exhaust  air  leaving  the  shelter,  electrical  energy  for  simulating  heat 
release  by  Simocs,  water  for  simulation  of  latent  heat  by  Slmocs  and  heat  loss  by 
conduction  through  the  shelter  to  the  surrounding  earth.  Temperature  of  the  supply 
ventilation  air  and  the  exhaust  air  from  the  shelter  were  measured  with  copper  con- 
stantan  thermocouples  and  the  output  from  these  thermocouples  was  indicated  and  re¬ 
corded  by  Brown  Electronic  Potentiometers.  Psychrometric  properties  of  the  supply 
ventilation  air  and  the  exhaust  air  from  the  shelter  were  measured  by  similar  ther¬ 
mocouples  incorporated  in  an  aspirating  psychrometer  developed  for  the  purpose. 
Electrical  energy  supplied  to  the  Simocs  was  computed  as  the  product  of  electrical 
volts  and  amperes  measured  in  the  power  supply  circuit.  Water  supplied  to  the 
Simocs  for  the  purpose  of  simulating  the  latent  heat  load  was  determined  as  the 
quantity  which  was  needed  to  refill  a  calibrated  tank  after  overflow  had  been  col¬ 
lected  and  returned  to  the  calibrated  tank.  Soil  temperatures  in  the  soil  surround 
lng  the  shelters  under  test  were  determined  at  selected  points  by  means  of  buried 
copper  constantan  thermocouples  and  these  values  were  used  as  an  indication  of  heat 
loss  through  the  shelter  structure. 

In  cases  where  it  was  possible,  the  automatic  data-sensing  and  recording  de¬ 
vices  were  supplemented  and  verified  by  independent  measurements.  For  example, 
wet  and  dry  bulb  temperatures  were  taken  with  mercurial  thermometers  in  a  psychrom¬ 
eter  at  points  adjacent  to  the  atmosphere  where  wet  and  dry  bulb  recording  psychrom 
eters  were  monitoring  environmental  conditions  and  served  as  a  means  of  checking 
the  accuracy  of  these  instruments  and  of  the  automatic  data-sensing  and  recording 
equipment.  A  recording  watt  hour  meter  provided  an  integrated  measurement  of  power 
consumed  and  this  was  used  as  a  means  of  checking  the  product  of  the  voltage  times 
the  amperage  which  was  used  to  adjust  the  power  input  to  each  of  the  Simoc- .  The 
accuracy  of  the  ground  temperature  sensing  thermocouples  could  not  be  verified 
rectly.  However,  the  recording  potentiometers  sensing  these  temperatu res  were  i  - 
iodically  calibrated  by  causing  one  thermocouple  attached  to  each  instrument  to 
measure  the  temperature  of  a  reference  thermocouple  immersed  in  a  water  bath,  along 
with  an  accurate  mercurial  thermometer.  The  temperature  of  the  calibrating  water 
bath  was  selected  at  approximately  the  mid  range  of  the  temperature  being  recorded 
by  a  particular  potentiometer. 
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Summaries 

of 

Twenty^  five  Simulated  Occupancy  Tests 
5  July  1962  -  5  November  1964 
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Summary 

Simulated  Occupancy  Test 
First  and  Second  Summerlin  S'elter  Tests 
Gainesville,  Florida 

5  July  -  18  July  1962 

9  April  -  20  April  1962 

The  shelter  is  entirely  below  grade  with  a  minimum  of  30  inches  earth 
cover.  It  is  constructed  of  1/8  inch  steel  plate  with  all  joints  welded. 

The  floor  has  :n  area  of  180  square  feet.  The  shelter  had  not  i_een  previously 
occupied . 

An  adiabatic  shelcer  model  would  require  an  air  flow  rate  of  16  cfra  per 
occupant  ventilation  air  to  maintain  an  average  effective  tempt  ature  below 
85  °F.  A  shelter  model  with  25%  heat  loss  through  the  structure  would 
require  an  air  flow  rate  cf  10  cfm  per  occupant  to  maintain  an  average 
effective  temperature  below  85  °F. 

Occupants...  NBS's  Individual  Simocs 


Phase 

Number 

Air  Flow  Rate 
cfm/occupant 

Maximum  Ei  24  hour  Average 
Final  Day  ET  Final  Day 

Number  of 
Occupants 

Length 
of  Phase 

First  Test 

I 

11. 1 

89.9 

86.5 

11th  Day 

18 

13  days 

Second  Test 

I 

3 

81.1 

80.8 

18 

3.96  days 

II 

12 

75.0 

74.0 

18 

2.83  days 

III 

12* 

84.9 

83.7 

18 

3.13  da vs 

*  August  supply  day 


34 


Fig  No.  5  SUMMERLIN  FAMILY  SHELTER.  GAINESVILLE.  FLORIDA 
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Fig  No.  8  SUMMERLIN  FAMILY  SHELTER,  GAINESVILLE,  FLORIDA 
(SECOND  TEST) 
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Summary 

Simulated  Occupancy  Test 
Broyles  Shelter 
Gainesville,  Florida 
30  July  -  19  August  1962 

The  shelter  is  approximately  one-half  below  grade  with  earth  mounded  over 
the  shelter  to  give  an  average  30  inch  earth  cover.  The  construction  is 
waterproof  concrete.  The  floor  has  a  useable  area  of  120  square  feet. 

Although  the  shelter  had  not  been  previously  occupied,  there  had  been  extensive 
dehumidification  of  the  shelter  for  several  months.  This  was  accomplished  by 
means  of  a  dehumidifier  which  removed  moisture  and  increased  the  dry  bulb 
temperature  to  a  high  of  98  °F. 

An  adiabatic  shelter  model  would  require  an  air  flow  rate  of  16  cfm  per 
occupant  of  ventilation  air  to  maintain  an  average  effective  temperature  of 
35  °F.  A  shelter  model  with  25%  heat  loss  would  require  an  air  flow  rate  of 
10  cfm  per  occupant  of  ventilation  air  to  maintain  an  average  effective  tempera¬ 
ture  below  85  °F. 

Occupants . GATG’s  Mass  Simocs  and  NBS's  Individual  Simocs 


Phase 

Number 

Air  Flow  Rate 
cfm/ occupant 

Maximum  ET 
Final  Day 

24  Hour  Average 
ET  Final  Day 

Number  of 
Occupants 

Length 
of  Phase 

I  * 

3 

79.3 

78.5 

12 

2  days 

II 

10 

83. A 

81.7 

12 

12  days 

III 

6 

85.3 

87.4 

12 

2  days 

IV 

3 

87.0 

85.0 

12 

2  days 

V 

6 

94.2 

88.1 

12 

2  days 

*  Well  water  coil  in  operation  during  this  phase. 
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Summary 

Simulated  Occupancy  Test 
Napier  Shelter 
Gainesville,  Florida 
24  August  -  10  September  1962 

The  shelter  roof  is  approximately  32  inches  above  grade  <*ith  a  minimum 
of  30  inches  earth  cover.  This  underground  concrete  shelter  has  a  floor  area 
of  1561  square  feet.  The  shelter  had  not  been  occupied  previously. 

An  adiabatic  shelter  model  would  require  an  air  flow  rate  of  16  cfm  per 
occupant  of  ventilation  air  to  maintain  an  average  effective  temperature  of 
85  °F.  A  shelter  model  with  25%  heat  loss  through  the  structure  would 
require  an  air  flow  rate  of  10  cfm  per  occupant  to  maintain  an  average 
effective  temperature  below  85  °F. 

Occupants . NBS's  Individual  Simocs  and  GATC's  Mass  Simocs 


Phase 

Number 

Air  Flow  Rate 
cfm/occupant 

Maximum  ET 
Final  Day 

24  Hour  Average 
ET  Final  Day 

Number  of 
Occupants 

Length 
of  Phase 

I* 

3 

84.0 

83.1 

100 

NBS 

2 

Days 

II 

6 

87.2 

86.4 

ICO 

NBS 

4 

Days 

III 

6 

88.9 

87.3 

70 

NBS 

1 

5/6  Days 

30 

GATC 

IV 

6 

89.3 

88.1 

100 

NBS 

2 

1/6  Days 

V 

8.05 

88.3 

87.6 

100 

NBS 

4 

5/6  Days 

VI 

5.75 

91.0 

90.1 

100 

NBS 

1 

1/2  Days 

40 

GATC 

’Well  water  coil  in  operation 


ELEVATION  AND  FLOOR  f  .  '.'iS 


Fig.  No.  12  NAPIER  COMMUNITY  SHELTER, GAINESVILLE,  FLORIDA 


THERMOCOUPLE  LOCATIONS 
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Summary 

Simulated  Occupancy  Test 
Basement  of  Central  Stores  Building 
Gainesville,  Florida 
14  September  -  25  September  1962 

The  shelter  was  constructed  with  approximately  one  quarter  of  the 
structure  above  the  surrounding  grade  line.  This  steel  reinforced  concrete 
basement  has  a  floor  area  of  3000  square  feet  of  which  2500  were  tested.  The 
shelter  had  been  occupied  previously. 

An  adiabatic  shelter  model  would  require  an  air  flow  rate  of  16  cfm  per 
occupant  of  ventilation  air  to  maintain  an  average  effective  temperature  of 
85  °F.  A  shelter  model  losing  25%  of  its  heat  through  the  structure  would 
require  an  air  flow  rate  of  10  cfm  per  occupant  of  ventilation  air  to  main¬ 
tain  an  average  effective  temperature  below  85  °F. 

Occupants . GATC's  Mass  Simocs 


Phase  Air  Flow  Rate  Maximum  ET  24  Hour  Average  Number  of  Length 


Number  cfm/occupant  Final  Day 


ET  Final  Da^ 


Occupants  of  Phase 


I  3  93.0  92.2  170  5  days 

II  4.33  91.2  89.1  170  1  2/3  days 

III  20.5  82.1  80.2  170  2  1/2  days 

IV  13.5  84.0  80.5  250  1  1/4  days 


1  1/3  days 


V 


9.2 


84.8 


82.5 


125 


Fig  No.  14  CENTRAL  STORES  "DESIGNATED  AREA"  SHELTER, 
GAINESVILLE.  FLORIDA 
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Summary 


Simulated  Occupancy  Test 
Identified  Basement  Shelter 
Houston,  Texas 

10  October  -  2  November  1962 

The  shelter,  which  was  constructed  of  reinforced  concrete  was 
three-quarters  below  grade.  The  floor  had  an  area  of  17,885  square  feet, 
of  which  4200  square  feet  were  tested.  The  shelter  had  not  been  occupied 

o 

prior  to  test. 

An  adiabatic  shelter  model  would  require  an  air  flow  rate  of  13  cfm 
per  occupant  of  ventilation  air  to  maintain  an  effective  temperature  below 
85  °F. 

Occupants . GATC's  Mass  Simocs 


Phase 

Number 

Air  Flow  Rate 
cfm/occupant 

Maximum  ET 
Final  Day 

24  Hour  Average 
ET  Final  Day 

Number  of 
Occupants 

Length 
of  Phase 

I 

9.2 

89.6 

87.3 

400 

3  days 

II 

12.8 

86.4 

85.0 

290 

2  days 

III 

9.2 

86.1 

84.4 

400 

1  day 

IV 

18.5 

81.5 

80.7 

200 

1  day 

V 

18.5 

85.4 

81.5 

2C0 

3  days 

VI 

2.6 

92.5 

90.0 

400 

1  day 

VII 

5.2 

87.1 

86.9 

200 

X  day 

VIII 

2.8 

87.0 

85.8 

200 

1  day 

IX 

24.6 

81.9 

79.8 

140 

3  days 

G.I6  IDENTIFIED  BASEMENT  SHE! 
HOUSTON,  TEXAS 
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Summary 

Simulated  Occupancy  Test 
Reading  Shelter 
Reading,  Pennsylvania 
25  February  -  18  March  1963 

The  shelter,  constructed  of  reinforced  concrete,  is  built  into  a  hill, 
with  the  floor  4  1/2  feet  below  the  existing  grade.  All  parts  of  the  873 
square  foot  structure  have  a  minimum  earth  covering  of  3U  inches.  The  shelter 
had  a  past  history  of  limited  occupancy. 

Occupants . GATC's  Mass  Simocs 


Phase 

Number 

Air  Flow  Rate 
cfm/occupant 

Maximum  ET 
Final  Day 

24  Hour  Average 
ET  Final  Day 

Number  of 
Occupants 

Length 
of  Phase 

I 

3.0 

51.0 

49.0 

50 

5.58  days 

II 

1.5 

54.0 

53.0 

50 

5.25  days 

III 

1.5 

62.1 

60.9 

100 

3.17  days 

IV 

16.6 

- 

42.7 

50 

2.67  days 

V 

14.4* 

- 

61.3 

50 

1.00  days 

VI 

0 

64.9 

64.0 

50 

1.00  days 

VII 

0 

67.8 

66.5 

100 

2.38  days 

*  Supply  air  was  routed  through  equipment  room. 
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Fig  No.  18  MODEL  COMMUNITY  SHELTER  (WINTER  TEST), 
READING.  PENNSYLVANIA 
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Summary 

Simulated  Occupancy  Test 
Hershey  Shelter 
St.  Louis,  Missouri 
5  June  -  19  June  1963 

The  shelter  was  constructed  of  reinforced  -oncrete.  Despite  attempts  to 
waterproof  the  structure  it  had  a  long  history  of  leakage  and  before  the  test 
could  be  starteo,  eight  inches  of  water  were  pumped  out  of  the  shelter.  As 
the  test  progressed,  approximately  twenty  gallons  of  water  were  pumped  out  of 
the  shelter  each  day.  The  shelter  has  150  square  feet  of  floor  space  and  has 
4  feet  of  earth  cover  since  it  is  entirely  below  grade.  The  shelter  had  no 
history  of  occupancy. 

An  adiabatic  shelter  model  would  require  an  air  flow  rate  of  11  cfm  per 
occupant  of  ventilation  air  to  maintain  an  average  effective  temperature 
below  85  °F.  A  shelter  model  with  25%  heat  loss  through  the  structure  would 
require  an  air  flow  rate  of  6.5  cfm  per  occupant  of  ventilation  air  to  main¬ 
tain  an  average  affective  temperature  of  85  °F. 

Occupants . NBS's  Individual  Simocs 


Pnase 

Number 

Air  Flow  Rate 
cfm/occupant 

Maximum  ET 
Final  Day 

24  Hour  Average 
ET  Final  Day 

Number  of 
Occupants 

Length 
of  Phase 

I 

2.85 

76  7 

74.0 

15 

4.33  days 

II 

2.85 

81.0 

79.0 

15 

5. 96  days 

III 

9.87 

82.0 

78.8 

15 

2.58  days 

IV 

* 

82.0 

80.0 

15 

1.42  days 

*  Ventilation  rate  alternated  between  3  and  9.6  cfm  per  occupant  to  take 
advantage  of  ambient  diurnal  cycle. 


FLOOR  PLAN  and  ELEVATION 
—  Htrftoy  Slttlfcr  — 
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Fig  No.  21  HERSHEY  FAMILY  SHELTER,  SI  LOUIS,  MISSOURI 
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Summary 

Simulated  Occupancy  Test 
St.  Louis  Control  Center 
St.  Louis,  Missouri 
7  June  -  24  June  1963 

The  shelter,  constructed  of  reinforced  concrete,  was  entirely  below  grade 
with  a  minimum  of  3  feet  of  earth  cover.  The  floor  has  an  area  of  8400 
square  feet.  The  electrical  equipment  for  the  shelter  releases  74,750  Btu's 
per  hour.  The  shelter  had  been  occupied  previously. 

When  considering  only  metabolic  heat,  an  adiabatic  shelter  model  would 
require  an  air  flow  rate  of  15.5  cfm  per  occupant  of  ventilation  air  to  main¬ 
tain  an  average  effective  temperature  of  85  °F. 

Occupants. ... .GATC's  Mass  Simocs 


Phase 

Number 

Air  Flow  Rate 
cfm/occupant 

Maximum  ET 
Final  Day 

24  Hour  Average 
ET  Final  Day 

Number  of 
Occupants 

langth 
of  Phase 

I** 

5 

72.1 

71.0 

150 

2 

days 

II** 

5 

75.1 

72.2 

150 

1 

day 

III** 

15 

80.1 

78.2 

150 

A 

/- 

days 

IV* 

15 

86.4 

83.6 

150 

6 

days 

V* 

25 

86.4 

85.0 

150 

3 

day* 

VI* 

4.33 

88.3 

86.5 

150 

e 

25  day 

(0i00-0?00) 


*  Simulated  air  conditioner  failure 
**  Air  conditioner  in  operation. 


Fig  No.2  4  COMMAND  POST,  ST.  LOUIS  and  ST.  LOUIS  COUNTY 
CIVIL  DEFENSE.  ST.  LOUIS.  MISSOURI 


ELEVATION  OF  CONTRC'  CENTER 
—  St.  Louis  Control  Csntsr  — 
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Summary 

Simulated  Occupancy  Test 
Francis  Family  Shelter 
Tucson,  Arizona 
5  July  -  15  July  1963 

The  shelter  is  cylindrical  with  a  domed  roof.  It  is  concrete  and  lined 
with  accoustical  tile.  The  201  square  feet  of  concrete  flooring  are  covered 
with  asphalt  tile.  The  shelter  had  not  been  occupied  prior  to  the  test. 

An  adiabatic  shelter  model  would  require  an  air  flow  rate  of  13.3  cfm 
per  occupant  of  ventilation  air  to  maintain  an  average  effective  temperature 
below  85  °F.  A  shelter  model  with  25%  heat  loss  through  the  structure  would 
require  an  air  flow  rate  of  6.7  cfm  per  occupant  of  ventilation  air  to  main¬ 
tain  an  average  effective  temperature  below  85  °F. 

Occupants . NBS's  Individual  Simoc3 


Phase 

Number 

Air  Flow  Rate 
cfm/occupant 

Maximum  ET 
Final  Day 

I 

3 

86.1 

II 

10 

86.0 

III 

3 

86.8 

IV 

10 

83.4 

24  Hour  Average  Number  of  Length 
ET  Final  Day _ Occupants  of  Phase 


85.5 

20 

4.0 

days 

85.2 

20 

3.0 

days 

85.7 

8 

1.17 

days 

83.5 

8 

1.58 

days 

Fig  No.  27  FRANCIS  FAMILY  SHELTER,  TUCSON.  ARIZONA 
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Summary 

Simulated  Occupancy  Test 
Airport  Utility  Tunnel  Shelter 
Tucson,  Arizona 
19  July  -  31  July  1963 

The  shelter  section  tested  was  an  80  foot  length  of  the  tunnel.  The 
tunnel  was  2  to  3  feet  below  grade  and  was  constructed  of  0.10  Multiplate 
corrugated  copper  steel.  The  ellipsoidal  cross-section  of  the  shelter  gave 
400  square  feet  of  floor  space  for  the  80  foot  length.  The  tunnel  had  not 
been  occupied  prior  to  the  test. 

An  adiabatic  shelter  model  would  require  an  air  flow  rate  of  13.3  cfm 
per  occupant  of  ventilation  air  to  maintain  an  average  effective  temperature 
below  85  °F.  A  shelter  model  with  257.  heat  loss  through  the  structure  would 
require  an  air  flow  rate  of  6.7  cfm  per  occupant  of  ventilation  air  to  main¬ 
tain  an  average  effective  temperature  below  85  °F. 

Occupants . NBS's  Individual  Simocs 


Phase 

Number 

Air  Flow  Rate 
cfm/occupant 

Maximum  ET 
Final  Day 

24  Hour  Average 
ET  Final  Day 

Number  of 
Occupants 

Length 
of  Phase 

I 

3 

91.5 

90.1 

40 

.583 

day 

II 

10 

88.9 

87.0 

40 

1.0 

day 

III 

15 

87.1 

86. 0 

40 

7.08 

days 

IV 

20 

86.2 

85.2 

40 

2.42 

days 

V* 

20 

85.3 

84.0 

40 

2.0 

days 

♦"Desert  cooler"  in  operation  AT  6°  dry  bulb 
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-v  Summary 

Simulated  Occupancy  Test 
Abo  School 
Artesia,  New  Mexico 
10  July  -  22  July  1963 

The  shelter  is  a  basement- type  reinforced  concrete  structure.  The  school 
has  a  useable  floor  space  of  about  24,000  square  feet.  This  test,  however, 
embraces  only  2280  square  feet.  The  shelter  was  occupied  prior  to  the  test. 

An  adiabatic  shelter  model  would  require  an  air  flow  rate  of  5.5  cfm  per 
occupanr  of  ventilation  air  to  maintain  an  average  effective  temperature  below 
85  °F.  A  shelter  model  with  25%  heat  loss  through  the  structure  would  require 
an  air  flow  rate  of  2.5  cfm  pe»*  occupant  of  ventilation  air  to  maintain  an 
average  effective  temperature  of  85  °F. 

Occupants . GATC's  Mass  Simocs 


Phase 

Number 

Air  Flow  Rate 
cfc; /occupant 

Maximum  FT  24  Hour  Average 
Final  Day  ET  Final  Day 

Number  of 
Occupants 

Length 
of  Phase 

I 

16.4 

c  .  J 

79.0 

228 

3  days 

II 

10.0 

82.0 

80.2 

228 

3  days 

III 

5.0 

86.3 

84.5 

228 

2.33  days 

IV 

7.5 

86.5 

82.5 

228 

2.16  days 

v* 

*  DB  - 
DP  - 

5.0 

48  °f\  Supply  Air 

47  °F|  (Air  Conditioner 

82.5 

Simulation) 

228 

8  hrs . 

(1600-2400) 

80 


Fig  No. 3 2  ABO  SCHOOL  SHELTER,  ARTESIA,  NEW  MEXICO 
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Summary 

Simulated  Occupancy  Test 
Robert's  Dairy  Company 
Omaha,  Nebraska 
6  August  -  20  August  1963 

The  shelter,  which  was  designed  to  protect  dairy  cattle,  is  built  into 
a  hill.  The  roof  had  a  minimum  of  30  inches  earth  cover.  The  entry  side 
was  constructed  of  24  inch  thick  reinforced  concrete,  the  construction  mater¬ 
ial  for  the  entire  structure.  The  test  was  conducted  on  1778  square  feet  of 
floor  space,  rather  than  the  entire  4860  square  feet.  The  shelter  had  not 
been  occupied  prior  to  testing. 

Occupants . Guernsey  heifers  and  a  bull. 


Phase 

Number 

Air 

Flow 

Rate 

Maximum  ET 
Final  Day 

Average  ET 
Final  Day 

Average 
Supp ly 
Air  ET 

Number  of 
Occupants 

Length 
of  Phase 

I 

1200  cfm 

84.5 

82.4 

74.1 

30  cows 

1  bull 

2  men 

5  days 

II 

1200  cfm 

85.0 

83.9 

74.1 

35  cows 

1  bull 

2  men 

2  days 

III 

1200  cfm 

85.5 

83.8 

83.6 

35  cows 

1  bull 

2  men 

4  days 

IV 

1200  cfm 

88.5 

83.8 

83.7 

35  cows 

1  bull 

2  men 

1.46  days 

V 

1200  cfm 

87.4 

85. C 

85.3 

35  cows 

1  bull 

2  men 

1.42  days 
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Summary 

Simulated  Occupancy  Test 
Irvingdale  Shelter 
Lincoln,  Nebraska 
29  August  -  9  September  1963 

The  shelter  is  a  remodeled  underground  reinforced  concrete  water 
reservoir.  There  are  22,700  square  feet  of  floor  space,  of  which  3503  square 
feet  were  tested.  The  shelter  had  not  been  previously  occupied. 

An  adiabatic  shelter  model  would  require  an  air  flow  rate  of  9.5  cfm 
per  occupant  of  ventilation  air  to  maintain  an  average  effective  temperature 
below  85  °F.  A  shelter  model  with  25%  heat  loss  to  the  structure  requires 
an  air  flow  rate  of  5.5  cfm  per  occupant  of  ventilation  air  to  maintain  an 
average  effective  temperature  below  85  °F. 

Occupants . GATC's  Mass  Simocs 


Phase 

Number 

Air  Flow  Rate 
cfm/occupant 

Maximum  ET 
Final  Day 

24  Hour  Average 
ET  Final  Day 

Number  of 
Occupants 

Length 
of  Phase 

I 

15.0 

84.3 

82.0 

350 

7.33  days 

XX 

12.0 

85.5 

83.2 

350 

2.08  days 

III 

3.0 

90.9 

89.1 

350 

0.75  days 
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Fig  No. 3 8  LINCOLN  COMMUNITY  SHELTER,  LINCOLN.  NEBRASKA 
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Summary 

Simulated  Occupancy  Test 
50  Man  Expedient  Shelter 
Ft.  Belvoir,  Virginia 
8  September  -  16  September  1963 

The  shelter,  which  is  entirely  above  grade,  was  constructed  from 
earth-filled  plywood  forms.  The  walls  were  30  inches  thick  and  the  roof 
joists  were  covered  with  18  inches  of  earth.  The  floor  has  an  area  of 
500  square  feet.  The  shelter  had  not  been  previously  occupied. 

The  test  primarily  determined  that  the  natural  flow  of  ventilation  air 
under  ambient  conditions  was  16  to  18  cfm  per  occupant.  During  the  warm 
(70.5  °F  average  effective  temperature)  first  four  days  of  testing,  the 
effective  temperature  of  the  shelter  ranged  from  68  to  82  °F.  The  final 
three  days  of  cool  (60.0  °F  average  effective  temperature)  ambient  temperature 
resulted  in  shelter  effective  temperatures  ranging  downward  from  75  °F.  The 
average  shelter  effective  temperature  for  warm  ambient  conditions  was 
77.40  °F,  while  for  the  period  of  cool  ambient  conditions  it  was  72.8  °F. 
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Fig  No.  41  EXPEDIENT,  NATURALLY  VENTILATED  SHELTER,  PROTECTIVE 
STRUCTURES  DEVELOPMENT  CENTER,  FORT  BELVOIR.VIRGINIA 
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Summary 

Simulated  Occupancy  Test 
200  Man  Shelter 

Protective  Structures  Development  Center 
Ft.  Belvoir,  Virginia 
22  September  -  16  October  1963 

The  shelter  tested  is  the  basement  half  of  a  two  story  shelter  and  was 
entirely  below  grade.  The  shelter  is  constructed  of  Class  A  concrete 
(3000  psi).  The  shelter  has  a  floor  area  of  1032  square  feet.  The  shelter 
had  been  occupied  previously. 

An  adiabatic  shelter  model  would  require  an  air  flow  rate  of  14.5  cfm 
per  occupant  of  ventilation  air  to  maintain  an  average  effective  temperature 
of  85  °F.  A  shelter  model  with  257.  neat  loss  through  the  shelter  would 
require  an  air  flow  rate  of  8.3  cfm  per  occupant  of  ventilation  air  to  main¬ 
tain  an  average  effective  temperature  below  85  °F. 

Occupants . NBS's  Individual  Simocs 


Phase 

Number 

Air  Flow  Rate 
cfm/occupant 

Maximum  ET 
Final  Day 

24  Hour  Average 
ET  Final  Day 

Number  of 
Occupants 

Length 
of  Phase 

I 

3 

86.4 

84.7 

100 

6  days 

II 

6 

87.5 

84.8 

100 

2  days 

III 

9 

86,2 

84.5 

100 

2.75  days 

IV 

18 

85.8 

84.0 

100 

2.25  days 

V 

27 

85.1 

83.0 

100 

4,67  days 

VI 

3 

89.5 

87.0 

100 

1.33  days 

VII* 

3 

91.2 

89.5 

100 

1  day 

*  Different  method  of  ventilation  air  distribution  used. 
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Flg.No44  200  PERSON  MODEL  SHELTER,  PROTECTIVE  STRUCTURES 
DEVELOPMENT  CENTER.  FORT  BELVOIR,  VIRGINIA 
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Summary 

Simulated  Occupancy  Test 
1000  Man  Shelter 
Ft.  Belvoir*  Virginia 
14  October  -  29  October  1963 

The  shelter  is  a  two  story  reinforced  concrete  building  with  the 
portion  tested  below  grade.  The  useable  floor  area  was  5400  square  feet. 

TL?  shelter  had  been  previously  occupied. 

An  adiabatic  model  shelter  would  require  an  air  flow  rate  of  14.5  cfm 
per  occupant  of  ventilation  air  to  maintain  an  average  effective  temperature 
below  85  °F.  A  shelter  model  with  2571  heat  loss  through  structure  would 
require  an  si**  flow  rate  of  8.7  cfm  per  occupant  of  ventilation  air  to 
maintain  an  average  effective  temperature  of  85  °F. 

Occupants . GATC’s  Mass  Simocs 


Phase 

Number 

Air  T  w  Rate 
cfm/.  _apant 

Maximum  ET 
Final  Day 

24  Hour  Average 
ET  Final  Day 

Number  of 
Occupants 

Length 
of  Phase 

I 

0 

80. 8 (average  -  1700-2300) 

540 

3 

hrs. 

II 

16.8 

84.8 

82.5 

540 

9 

1/2  days 

III 

13.3 

85.0 

83.0 

540 

3 

1/2  days 

IV 

3.0 

91.0 

- 

540 

2 

hrs. 

V 

5.0 

89,2 

87.5 

540 

1 

day 

Fig  No46  1000  PERSON  MODEL  SHELTER,  PROTECTIVE  STRUCTURES 
DEVELOPMENT  CENTER,  FORT  BELVOIR,  VIRGINIA 
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Summary 

Simulated  Occupancy  Test 
Family  Shelter 
Bozeman,  Montana 
17  February  -  7  March  1964 

The  shelter,  which  is  constructed  of  concrete,  is  partially  below 
grade.  It  is,  however,  mounded  over  by  an  earth  covering  of  15  inches 
minimum  thickness.  The  floor  has  an  area  of  168  square  feet.  The 
shelter  had  not  been  previously  occupied.  A  minimum  air  flow  of  3  cfm 
per  occupant  is  needed  to  meet  environmental  requirements. 

Occupants . NBS's  Individual  Simocs 


Phase 

Number 

Air  Flow  Rate 
cfm/occupant 

Maximum  ET 
Final  Day 

24  Hour  Average 
ET  Final  Day 

Number  of 
Occupants 

Length 
of  Phase 

I 

3 

58.5 

57.5 

16 

7  days 

II 

10 

51.0 

48.5 

1  C. 

XU 

4  days 

III 

0 

67.5  DB 

68.1  DB 

16 

3  days 

Fig  No.  48  MODEL  FAMILY  SHELTER  (WINTER  TEST), 
BOZEMAN,  MONTANA 


BOZEMAN  SHELTER 
THERMOCOUPLE  LOCATIONS 


OCft-Ol-t?-  M* 


Effective  Temperatur 
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Summary 

Simulated  Occupancy  Test 
Bureau  of  Yards  and  Docks  Protective  Shelter 
Bethesda,  Maryland 
28  February  -  11  March  1964 

The  shelter  is  a  quonset-type  structure  constructed  of  ten  gauge  galvan¬ 
ized  corrugated  steel.  The  shelter  is  entirely  below  grade  with  5  feet  of 
earth  covering.  The  floor  area  is  9600  square  feet.  The  shelter  had  been 
previously  occupied. 

The  Bethesda  Test  was  primarily  designed  to  determine  the  feasibility  of 
using  simulated  occupants  in  place  of  human  occupants.  When  discrepancies  in 
supply  air  are  accounted  for,  it  was  observed  that  the  Simocs  substitute  very 
well  for  their  human  counterparts. 


Occupants . NBS '  s 

Ind ivid ual 

Simocs  and  Humans 

for  NRL  Test 

Phase 

Air 

Flow  Rate 

Maximum  ET 

24  Hour  Average 

Number  of 

Length 

Number 

cfm/occupant 

Final  Day 

ET  Final  Day 

Occupants 

of  Phase 

I 

2.7 

average 

(weighted) 

77.3 

75.6 

100 

7  days 

II 

4.5 

average 

(weighted) 

77.1 

75.5 

100 

5.5  days 

Naval  Research  Laboratory  Test 

I 

2.7 

- 

77.4 

100 

7  days 

II 


4.5 


73.9 


100 


5.5  days 


Fig  No.  51  BURIED  QUONSET  STRUCTURE  (REPLICATION  of  HUMAN 
OCCUPANCY  WINTER  TEST).  BETHESOA.  MARYLAND 
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Summary 

Simulated  Occupancy  Test 
North  Arvada  Junior  High  School 
Denver,  Colorado 
15  June  -  6  July  1964 

The  shelter  is  constructed  of  steel  reinforced  concrete.  It  is  below 
grade  and  has  a  floor  area  of  2430  square  feet.  The  shelter  area  had  been 
previously  occupied. 

An  adiabatic  shelter  model  would  require  an  air  flow  rate  of  4.5  cfm 
per  occupant  of  ventilation  air  to  maintain  an  ave  age  effective  temperature 
below  85  °F.  A  shelter  model  with  25%  heat  loss  through  the  structure  requires 
negligible  ventilation  for  meeting  environmental  temperature  standards. 

Occupants . GATC's  Mass  Simocs 
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Maximum  ET 
Final  Day 

24  Hour  Average 
ET  Final  Day 

Number  of 
Occupants 

Length 
of  Phase 
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0 

85.0 

- 

208 

0.5 

day 

II 

10 

78.8 

76.9 

200 

5.0 

days 

III 
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80.7 
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200 

6.0 

days 

IV 
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83.2 

82.2 

200 

3.0 

days 

V 

4 

85.5 

85.0 

200 

3.0 

days 

VI 

3 

89.0 

88.1 

200 

2.75  days 
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Summary 

Simulated  Occupancy  Teat 

Three  Identical  Protective  Shelters 
(German  A,  B,  C  Shelters) 

Nevada  Test  Site  -  Mercury,  Nevada 

10  July  -  12  August  1964 

The  shelters  tested  had  overall  dimensions  of  13.75  feet  x  35.42  feet, 
but  had  only  160.0  square  feet  of  useable  floor  space.  These  shelters  were  of 
concrete  construction  and  had  an  earth  covering  of  4  feet.  The  shelters  had  not 
been  occupied  before  the  test. 

An  adiabatic  shelter  would  maintain  an  average  effective  temperature  less 
chan  85  °F  with  a  ventilation  rate  of  6.5  cfm  per  occupant.  A  shelter  model 
with  25~  heat  loss  through  the  structure  would  require  an  air  flow  rate  of 
5  cfm  per  occupant  of  ventilation  air  to  maintain  an  average  effective  temper¬ 
ature  below  85  °F. 


Occupants . NBS's  Individual  Simocs 


Phase 

Number 

Air  Flow  Rate 
cfm/occupent 

Maximum  ET  24  Hour  Average 
Final  Dav  ET  Final  ’'av 

Number  of 
Occupants 

Length 
of  Phase 

"A"  Shelter 

* 

I 

6.56 

75.0 

73.7 

16 

1.79  days 

11 

3,95 

82,5 

77.7 

16 

2.25  dsys 

III 

2.55 

85.0 

84.1 

16 

12.29  days 

IV 

2.46 

36.0 

85.2 

16 

3.25  dsys 

V 

3.10 

81;. 5 

84.5 

24 

4.25  days 

VI 

3.77 

35.0 

83.8 

24 

3.57  days 

VII* 

3.60 

84.0 

83.0 

24 

5.67  days 

"8"  Shelter 

I 

10.9 

74.5 

72.0 

16 

1.79  days 

11 

7.1 

76.5 

76.0 

16 

2.25  days 

III 

3.57 

83.5 

82.1 

16 

12.29  days 

IV 

2.41 

85.0 

84.0 

16 

3.25  days 

V 

3.76 

85.4 

84.0 

32 

4.25  days 

VI 

4.99 

85.5 

83.9 

32 

10,50  days 

*  Desert  cooler  in  operation 
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Summary 

Simulated  Occupancy  Test 
Underground  Parking  Garage 
Frenchman's  Flat,  Mercury,  Nevada 
22  July  -  3  September  1964 

The  shelter  is  heavily  constructed  with  reinforced  concrete.  It  is  3  feet 
below  grade  and  has  7500  square  feet  of  useable  floor  space,  of  which  3310 
square  feet  were  tested.  The  shelter  had  been  occupied  prior  to  the  test. 

An  adiabatic  shelter  model  would  require  an  air  flow  rate  of  7.5  cfm  per 
occupant  of  ventilation  air  to  maintain  an  average  effective  temperature  below 
85  °F.  A  shelter  model  with  25%  heat  loss  through  the  structure  would  require 
an  air  flow  rate  of  4  cfm  per  occupant  of  ventilation  air  to  maintain  an  average 
effective  temperature  below  85  °F. 

Occupants . GATC's  Mass  Simocs 


Phase 

Number 

Air  Flow  Rate 
cfm/occupant 

Maximum  ET 
Final  Day 

24  Hour  Average 
ET  Final  Day 

Number  of 
Occupants 

Length 
of  Phase 

II 

12 

83.0 

81.3 

331 

3.16 

days 

I' 

10 

83.8 

82.3 

331 

3.75 

days 

III 

9 

84.0 

82.1 

331 

3.00 

days 

IV 

7.5 

85.0 

82.8 

331 

3.00 

days 

IV* 

7.5 

84.5 

82.4 

331 

16 

hrs. 

7 

5.5 

86.7 

85.7 

331 

3.25 

days 

VI 

3.0 

93.2 

85.7 

331 

21 

hrs. 

VII** 

0 

84.0 

81.0 

117 

5 

hrs. 

6.5 

81.0 

79.9 

117 

15 

hrs. 

5.0 

84.9 

83.0 

117 

2.16 

days 

6.0 

86.0 

84.4 

117 

4 

days 

*  Check  test  to  determine  validity  of  procedures  during  Phase  IV. 

**  Fire  test  -  elso  less  floor  space. 


Fig  No.62  UNDERGROUND  FORKING  GARAGE,  NEVADA  TEST  SITE, 
AEC,  MERCURY.  NEVADA 
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Summary 

Simulated  Occupancy  Test 
Windowless  Test  Structure 
Mercury,  Nevada 
18  August  -  2  September  1964 

The  shelter  was  entirely  above  grade  and  had  a  composite  wall  construction. 
A  poured  concrete  slab  formed  the  floor  and  a  steel  reinforced  slab  made  the 
structure  roof.  The  outer  wall  is  3.75  Inch  brick  backed  up  by  2.5  inches 
of  pea  gravel  grout  containing  1  inch  vertical  steel  bars,  and  the  inner 
wall  was  constructed  of  3.75  inch  brick.  There  are  800  square  feet  of  floor 
space.  The  shelter  has  not  been  occupied  before  the  test. 

An  adiabatic  shelter  model  would  require  an  air  flow  rate  of  7.5  cfm 
per  occupant  of  ventilation  air  to  maintain  an  average  effective  temperature 
below  85  °F.  A  shelter  model  with  25%  heat  loss  through  the  structure  would 
require  an  air  flow  rate  of  4  cfm  per  occupant  of  ventilation  air  to  maintain 
an  average  effective  temperature  of  85  °F. 

Occupants . GATC's  Mass  Simocs 

Phase  Air  Flow  Rate  Maximum  ET  24  Hour  Average  Number  of  Length 


Number 

cfn/occupant 

Final  Day 

£T  Final  Day 

Occupants 

of  Phase 

I 

15.7 

83.0 

79.5 

80 

3.42  days 

II 

12.0 

85.0 

82.3 

80 

5.06  days 

III 

9.0 

84.0 

81.8 

80 

4.64  days 

IV* 

9.0 

82.9 

80.8 

80 

2.13  days 

III'** 

9.0 

81.2 

78.9 

80 

.75  days 

*  Desert  cooler 
**  Change  ambient  weather 
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SECTION  M 


T 


GENERAL  SHELTER  FLOOR  PLAN 
WWDOWLESS  TEST  STRUCTURE 
MERCURY,  NEVADA 


OCP-Q5- 62-116 
APNli.  —  1 Mb 


Fig  No.  65 


ABOVEGROUND  BRICK  TEST  STRUCTURE  (BLOCKHOUSE) 
NEVADA  TEST  SITE,  AEC,  MERCURY.  NEVADA 
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Summary 


Simulated  Occupancy  Test 
Quonset-type  Structure 
Mercury,  Nevada 

8  September  -  25  September  1964 

The  shelter  was  constructed  of  arched  corrugated  galvanized  ten  gauge 
steel  plate  with  the  floor  being  reinforced  concrete.  This  below  grade 
shelter  had  a  minimum  of  5  feet  of  earth  cover  at  the  top  of  the  roof. 

There  are  1180  square  feet  of  useable  floor  space.  The  shelter  had  not 
been  previously  occupied. 

An  adiabatic  shelter  model  would  require  an  air  flow  rate  cf  11  cfm 
per  occupant  of  ventilation  air  to  maintain  an  average  shelter  effective 
temperature  of  85  °F.  A  shelter  model  with  25%  heat  loss  would  require 
an  air  flow  rate  of  6  cfm  per  occupant  of  ventilation  air  to  maintain  an 
average  shelter  effective  temperature  of  85  °F. 

Occupants . GATC's  Mass  Simocs 


Phase  Air  Flow  Rate  Maximum  ET  24  Hour  Average  Number  of  Length 
Number  cfm/occupant  Final  Day _ ET  Final  Day  Occupants  of  Phase 


I 

6 

81.5 

80.8 

118 

7.5 

hrs. 

II 

8 

85.5 

84.0 

118 

10 

days 

III 

10 

84.9 

83,1 

118 

3.16 

days 

IV 

9 

85.0 

84.0 

118 

3.08 

days 

V 

3 

94.5 

93.0 

118 

6 

hrs. 

Fig  No. 67  BURIED  QUONSET  TYPE  STRUCTURE,  NEVADA 
TEST  SITE,  AEC,  MERCURY,  NEVADA 
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Summary 

Simulated  Occupancy  Test 
Underground  Concrete  Structure 
Lakeside,  California 
14  October  -  5  November  1964 

The  shelter  which  is  constructed  of  reinforced  concrete  was  built  into  the 
base  of  a  mountain.  The  sides  and  top  have  a  25  inch  earth  cover,  while  the 
front  is  exposed.  The  floor  covers  10,000  square  feet.  The  shelter  had  not 
been  previously  occupied. 

An  adiabatic  shelter  model  would  require  an  air  flow  rate  of  6  cfm  per 
occupant  of  ventilation  air  to  maintain  an  average  effective  temperature  of 
85  °F.  A  shelter  model  with  a  25%  heat  loss  through  the  shelter  structure  would 
require  an  air  flow  rate  of  4  cfm  per  occupant  of  ventilation  air  to  maintain  an 
average  effective  temperature  of  85  °F. 

Occupants . GATC’s  Mass  Simocs 


Phase 

Number 

Air  Flow  Rate 
cf m/occupant 

Maximum  ET 
Final  Day 

24  Hour  Average 
ET  Final  Day 

Number  of 
Occupants 

Length 
of  Phase 

I 

14.85 

81.9 

78.5 

250 

10  days 

II 

3.13 

83.0 

81.5 

250 

7.91  days 

III 

6.9 

84.9 

82.8 

250 

4.0  Jays 

IV 

3 

91.0 

89.0 

250 

1.0  days 
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Fig  No.  70 


HILLSIDE  SHELTER  (FORMER  REFRIGERATED  CAVE) 
LAKESIDE.  CALIFORNIA 


rlQ.  THERMOCOUPLE  LOCATIONS 
UNDERGROUND  CONCRETE  SHELTER 
LAKESIDE,  CALIFORNIA 
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FIRE  TESY  UNDERGROUND  PARKING  GARAGE.  MERCURY.  NEVADA 

A  fire  storm  similar  to  one  that  might  accompany  a  bombing  attack  was 
simulated  above  the  underground  parking  garage  located  at  Frenchman's  Flat, 
Mercury,  Nevada.  The  purpose  of  the  test  was  to  investigate  environmental 

conditions  that  would  be  brought  about  in  the  immediate  area  surrounding  an 

underground  survival  shelter  and  in  the  interior  of  such  a  shelter.  Three 
conditions  were  of  particular  interest  during  the  course  of  such  a  fire  and 
during  the  four  days  that  followed  the  fire.  These  were:  1.  The  carbon 
monoxide  concentration  in  the  atmosphere  in  the  immediate  vicinity  of  the 
shelter  during  the  time  that  the  fire  was  actually  in  progress.  2.  The  car¬ 
bon  dioxide  build-up  in  the  shelter  brought  about  by  the  metabolic  process 
of  the  occupants  during  a  period  when  no  ventilation  air  could  be  supplied 
(due  to  the  high  temperature  and  carbon  monoxide,  content  in  the  air  surround¬ 
ing  the  shelter).  3.  The  effective  temperature  increase  within  the  shelter 
due  to  the  metabolic  process  of  the  occupants  and  due  to  the  heat  transfer 
(from  the  fire  through  the  earth  cover  to  the  structure  of  the  shelter). 

Since  the  underground  parking  garage  had  been  used  as  a  test  structure 

for  simulated  occupancy  tests  prior  to  the  scheduling  of  the  fire  test,  it 
was  considered  necessary  to  stabilize  the  temperature  of  the  shelter  struc¬ 
ture  and  the  earth  surrounding  the  shelter  structure  to  conditions  which 
approximated  temperatures  that  existed  in  the  earth  surrounding  the  structure 
prior  to  the  start  of  the  simulated  occupancy  test.  This  was  accomplished  by 
purging  the  shelter  with  ventilation  air  and  observing  temperatures  at  se¬ 
lected  points  in  the  structure  and  surrounding  soil  until  these  temperatures 
were  in  agreement  with  temperatures  taken  prior  to  the  simulated  occupancy 
test.  In  order  to  minimize  fluctuations  in  heat  transfer  (due  to  edge  effect), 
it  was  decided  that  the  area  of  the  earth  exposed  to  the  fire  storm  should 
extend  ten  feet  in  each  direction  past  the  roof  of  the  area  of  the  shelter  to 
be  tested.  An  area  of  2,980  square  feet  was  located  above  the  shelter  test 
area;  combustible  material  was  placed  above  this  area  in  such  a  manner  that 
the  bottom  layer  of  this  material  was  24  inches  above  the  surface  of  the  earth 
cover  for  the  shelter.  The  combustible  material  was  distributed  so  that  there 
were  thirty  pounds  of  combustible  material  per  square  foot  of  ground  surface 
exposed  to  the  burn  pile.  Five  tons  of  non-combustible  debris  were  scattered 
and  intermingled  with  the  combustible  material.  The  purpose  of  the  debris 
was  to  simulate  the  plaster  ar.d  masonry  products  that  might  normally  be  present 
in  the  debris  from  a  burning  building.  The  building  that  was  simulated  by  the 
combination  of  combustible  and  non-combustible  material  was  considered  to  be 
typical  of  a  building  that  would  be  classified  as  a  predominantly  wooden  struc¬ 
ture.  Photograph  No.  7  is  a  picture  of  the  assembled  material  as  it  appeared 
just  pr.’or  to  ignition. 

In  order  that  the  fire  area  extend  ten  feet  beyond  the  east  and  south 
walls  of  the  shelter  test  area,  a  partition  was  constructed  in  the  shelter, 
reducing  the  area  to  1,170  square  feet  as  compared  to  approximately  3,350 
square  feet  which  had  been  used  for  the  previously  mentioned  simulated  occu¬ 
pancy  test.  A  corresponding  reduction  in  simulated  occupancy  was  made  for  the 
fire  test  using  117  simulated  occupants  on  the  basis  of  one  occupant  for  ten 
square  feet  of  floor  area.  Wall  surfaces  of  the  test  area  that  were  not  adjacent 
to  earth  cover  were  maintained  at  a  temperature  equal  to  the  dry  bulb  temperature 
within  the  test  area  by  controlling  the  temperature  in  a  guard  corridor  that 
was  parallel  to  the  interior  walls  of  the  test  area.  Temperature  of  the  earth's 
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surface  under  the  fire  test  area  were  taken  continuously  until  the  rate  of 
change  permitted  such  temperatures  to  be  recorded  at  regular  intervals.  Dur¬ 
ing  the  time  the  fire  was  in  progress,  the  shelter  test  area  was  sealed  up 
and  no  ventilation  air  was  admitted.  These  precautions  were  necessary  since 
a  fire  storm  around  the  shelter  could  increase  the  temperature  of  the  air 
available  for  shelter  ventilation  to  a  point  where  its  use  would  have  an  ad¬ 
verse  effect  on  the  shelter  effective  temperatures  and  could  produce  carbon 
monoxide  in  sufficient  quantities  to  contaminate  the  shelter  ventilation  air. 

In  order  to  determine  when  it  would  be  safe  to  ventilate  the  shelter  with 
ambient  air,  samples  of  air  available  for  ventilation  were  analyzed  for  car¬ 
bon  monoxide  content  at  approximately  thircy  minute  intervals.  When  such 
samples  indicated  a  carbon  monoxide  content  of  0.01%  by  volume,  it  was  con¬ 
sidered  safe  to  commence  the  ventilation  procedure.  Figure  No.  73a  is  a  plot 
of  carbon  monoxide  concentration  against  time  for  the  duration  of  the  test 
fire.  Superimposed  upon  the  carbon  monoxide-time  curve  are  a  family  of  curves, 
indicating  the  effects  of  given  concentrations  of  carbon  monoxide  on  human 
subjects  with  respect  to  exposure  time. 


Since  simulated  occupants  were  used  in  this  test  and,  therefore,  did 
not  produce  carbon  dioxide,  it  was  not  possible  to  sample  the  shelter  atmos¬ 
phere  and  determine  on  an  actual  test  basis  what  the  carbon  dioxide  build-up 


in  the  shelter  atmosphere  would  have 
the  basis  of  previous  experiments,^ 


been  under  test  conditions.  However,  on 
it  is  possible  to  predict  the  build-up  of 


carbon  dioxide  within  the  shelter  area  and  to  relate  this  to  the  effects  that 


were  found  oy  previous  investigations  to  be  associated  with  percentages  of 
carbon  dioxide  in  the  atmosphere.  Figure  73b  gives  a  plot  of  expected  carbon 
dioxide  coneentracions  with  respect  to  time  for  shelters  containing  eighty 
cubic  feet  and  one  hundred  cubic  feet  per  person.  Also  shown  on  Figure  No. 

73b  is  the  effect  of  certain  concentrations  of  carbon  dioxide  on  the  perform¬ 
ance  of  human  beings.  An  examination  of  Figure  No.  73a  would  indicate  that 
fire  conditions  surrounding  a  shelter  would  necessitate  a  "buttoned  up"  period, 
while  a  study  of  Figure  No.  73b  indicates  need  for  3  life  support  system  in 
shelters  subjected  to  mass  fire  effects-  Such  a  system  within  the  shelter  would 
have  to  be  capable  of  supplying  the  occupants  with  metabolic  oxygen  and  absorb¬ 
ing  a  sufficient  quantity  of  the  carbon  dioxide  to  maintain  carbon  dioxide  con¬ 
centration  at  a  level  below  one-half  of  one  percent  by  volume.  The  latter  is 
necessary  since  the  addition  of  oxygen  alone  wilo.  not  overcome  the  effects 
brought  about  by  carbon  dioxide. 


When  samples  of  the  ambient  ventilation  supply  air  indicated  that  venti¬ 
lation  air  could  be  supplied  to  the  shelter,  it  was  supplied  at  the  rate  of 
6  cfm  per  occupant.  Later  the  flow  rate  was  reduced  to  5  cfm  per  occupant  in 
an  attempt  to  adjust  the  ventilation  air  flow  rate  to  a  quantity  sufficient  to 
control  the  shelter  effective  temperature  in  such  a  manner  that  it  would  peak 
at  85°  F  for  approximately  a  one  hour  period  daily.  Temperatures  at  selected 
points  in  the  shelter  and  surrounding  earth  were  recorded  on  an  hourly  basis 
until  examination  of  the  data  indicated  that  the  effects  of  the  surface  fire 
had  dissipated.  At  this  point,  it  was  considered  that  the  fire  test  was  con- 
c 1 uded  . 


Figure  No.  74a  is  a  plot  of  earth  temperatures  against  time  from  the 
start  of  the  'eSi.  at  1  °00  hours  on  August  7  > ,  1964,  through  0600  hours  on 
September  3,  1964.  It  will  be  noted  that  Figure  No.  74a  is  made  up  of  two 
parts:  One,  at.  expanded  scale  covering  the  first  sewn  hours  of  the  fire 
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LEGEND 


THERMOCOUPLE 
POSITION  NOS. 

FUNCTION  AND  LOCATION 

See  Note  Nn.l 

~ 

Average  of  5  Chrome 1-Alumel  Locations 
surface 

49,54,59,64 

Average  of  4  Copper-Constantan  Locations 

3  inches  below  surface 

50,55,60,65,70 

Average  of  5  Copper-Constantan  Location^ 

6  inches  below  surface 

51 , 56 ,61 ,66 ,7 1 

Average  of  5  Copper-Ccnstantan  Locations 

1  foot  below  surface 

52,57,62,67,73 

Average  of  5  Copper-Constantan  Locations 
2  feet  below  surface 

72 

Single  Point  Temperature  of  Geometric 
Center  -  18  inches  below  surface 

NOTES 
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1.  Temperatures  for  Chrome 1-Alumel 
Thermocouple  Locations  were  taken 
with  a  portable  hand  potentiometer. 

2.  The  Average  Temperature  Plot  for 
Surface  Conditions  has  been  discon¬ 
tinued  after  1900,  8/29/64. 

3.  The  Temperature  Plot  for  Location 
18  inches  below  surface  has  been  dis¬ 
continued  after  2000,  8/30/64. 

4.  The  Average  Temperature  Plots  for 
Locations  6  inches  and  3  inches  below 
surface  have  been  discontinued  after 
0700,  9/1/64. 
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test;  two,  a  plot  on  a  reduced  scale,  covering  the  period  from  midnight,  August 
27th,  to  the  termination  of  the  test. 

Ignition  of  the  burn  pile  was  started  at  approximately  1900  hours  August 
27th,  1964.  Photograph  No.  8  was  taken  approximately  eight  minutes  after 
ignition  and  shows  the  intense  flame  envelope  surrounding  the  burn  pile.  Ex¬ 
amination  of  temperatures  recorded  at  this  time  indicates  that  the  earth's 
temperature  directly  beneath  the  fire  was  1527°  F. 

Since  every  section  beneath  the  suspended  burn  pile  would  not  necessarily 
reach  a  maximum  temperature  at  precisely  the  same  instant,  it  was  concluded 
that  the  overall  maximum  temperature  reached  by  the  surface  should  be  determined 
as  the  average  of  the  maximum  temperatures  recorded  for  the  five  individual 
chromel-alumel  thermocouple  surface  locations  irregardless  of  when  these  maxima 
occurred.  Using  this  criterion,  a  maximum  temperature  of  1811°  F  was  calcu¬ 
lated  as  the  overall  maximum  surface  temperature.  A  temperature  of  1860  F  can 
be  extrapolated  from  Figure  No.  74a,  if  the  steepest  slopes  on  either  side  of 
the  maximum  plotted  temperature  for  curve  no.  1  are  projected  upwards  until 
they  intersect. 

According  to  visual  reports  from  personnel  at  the  fire  site,  the  first 
signs  of  structural  collapse  began  at  1927  hours  and  by  1945,  August  27th,  the 
burn  pile  had  completely  collapsed  around  the  cribbing  supports.  Collapse  is 
expressed  graphically  in  Figure  No.  74a  as  the  negative  slope  which  follows 
the  maximum  plotted  temperature  for  curve  no.  1.  It  is  concluded  that  the 
maximum  ground  temperatures  associated  with  the  conflagration  were  limited  by 
theduration  of  the  uncollapsed  burn  pile,  for  once  the  structures  started  to 
cave  in, the  surface  temperatures  began  to  decrease.  This  reduction  in  sur¬ 
face  temperature  is  due  primarily  to  the  fact  that  radiation  from  the  suspended 
fire  area  created  a  more  intense  effect  on  the  earth's  surface  than  did  the 
actual  contact  between  Lhe  burning  debris  and  the  earth's  surface.  The  re¬ 
duction  in  the  earth's  surface  temperature  during  the  co1 lapse  period  can  also 
be  attributed  to  the  fact  that  the  air  which  had  been  "feeding"  the  fire  from 
beneath  the  suspended  burn  pile  was  cut  off  alter  the  burn  pile  collapsed. 

Due  to  the  smothering  effect  of  the  collapsed  structure  the  temperature 
of  the  earth's  surface  decreased  to  a  minimum  of  952°  F  at  2005  hours  (i.e., 

53  minutes  after  ignition).  Following  this,  the  surface  temperature  began 
to  rise,  first  slowly,  then  at  an  increased  rate,  until  it  reached  a  second 
maximum  of  1309  F  at  2200,  August  2 7 L h .  This  "second  peak"  was  precipitated 
by  ignition  of  previously  unexposed  materials  which  had  been  reoriented  during 
the  collapse  period.  Ihe  condition  of  the  burn  pile  prior  to  this  "second 
peak"  is  shown  in  Photograph  No.  9  which  was  taken  at  approximately  2100  hours. 
The  fire  area  was  a  complete  bed  of  coals  beginning  at  2230  and  this  condition 
prevailed  until  the  combustible  material  had  been  consumed.  Photograph  No.  10 
shows  the  burn  pile  ruins  as  they  looked  approximately  five  hours  after  igni¬ 
tion.  The  remaining  debris,  except  for  a  few  small  pieces  of  charred  wood, 
were  of  non-combustible  nature.  The  temperature  of  the  surface  at  the  time  of 
Photograph  No.  10  was  such  that  test  personnel  were  able  to  walk  upon  the  fire 
area  tor  extended  periods  without  any  discomfort  to  their  person  or  damage  to 
the  soles  of  their  shoes. 


Photograph  No.  8.  The  Flame  Engulfed  Burn  Pile  -  8  Minutes  after  Ignition. 


Photograph  No.  10. 
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Figure  No.  74b  and  74c  are  a  plot  of  24  hour  average  temperatures  re¬ 
corded  at  selected  points  within  the  shelter  and  at  selected  points  in  the 
ground  surrounding  the  shelter.  A  comparison  of  the  relative  temperatures 
across  the  32  inch  concrete  ceiling  slab  of  the  shelter  test  area  was  con¬ 
sidered  as  a  good  indication  as  to  the  direction  of  heat  flow  through  the 
ceiling  section  during,  and  for  a  period  following,  the  fire  burn  period. 

Figure  No.  74b  shows  a  plot  of  surface  temperatures  of  the  inside  surface 
and  of  the  exterior  surface  of  this  slab.  An  examination  of  this  plot  indi¬ 
cates  that,  with  the  exception  of  the  24  hour  period  from  September  1st  to 
September  2nd,  the  ceiling  interior  surface  was  always  at  a  higher  tempera¬ 
ture  than  the  exterior  surface.  Excepting  this  24  hour  per^u,  heat  flow 
was  from  the  shelter.  The  temperature  difference  across  the  ceiling  slab 
during  the  period  of  September  1st  was  not  considered  of  sufficient  magnitude 
to  affect,  to  an  appreciable  degree,  heat  flow  from  the  shelter.  Thus,  it 
may  be  concluded  that  the  presence  of  the  elevated  temperatures  in  the  earth 
cover  above  the  roof  of  the  shelter  which  were  brought  about  by  the  test  fire 
would  not  cause  an  appreciable  heat  flow  into  the  shelter  but  probably  would 
retard  the  rate  of  heat  transfer  from  the  shelter.  Other  earth  temperatures 
which  were  considered  to  be  pertinent  are  also  shown  on  Figure  No.  74b.  Figure 
No.  74c  is  a  plot  of  24  hour  average  temperatures  at  selected  points  wit.'in 
the  shelter  structure  and  indicates  the  manner  that  shelter  environment  varied 
during  the  fire  test.  It  will  be  notad  that  the  effective  temperature  in  the 
geometric  center  of  the  shelter  and  in  the  air  stream  of  the  exhaust  ventila¬ 
tion  air  were  subject  to  a  gradual  increase  as  the  test  progressed  anc  reached 
average  values  in  the  order  of  86°  F  effective  temperature.  Such  conditions 
would  not  have  been  tolerable  for  human  occupancy.  However,  it  must  be  under¬ 
stood  that  some  build-up  in  temperature  would  have  occurred,  perhaps  at  a 
lesser  rate,  but  nonetheless  occurred,  even  without  the  presence  of  the  tem¬ 
peratures  brought  aboct  by  the  simulated  fire  storm. 

An  examination  of  the  temperature  gradient  existing  in  the  over- lay  of 
earth  above  the  shelter  test  area  indicates  that  as  of  0700  hours  on  September 
2nd,  the  penetration  of  heat  into  the  shelter  ever- lay  as  a  result  of  the  fire 
storm  was  reversed.  It  was  also  indicated  that  environmental  conditions  within 
the  shelter  would  not  be  affected  as  a  result  of  the  fire  storm  after  this  time 
and  date. 

The  peak  effective  cemperature  obtained  in  this  same  shelter  interior  dur¬ 
ing  the  fire  test  has  been  plotted  on  Figure  No.  74d  along  with  peak  effective 
temperatures  obcained  in  r’nis  same  shelter  during  a  test  conducted  under  simu¬ 
lated  occupancy  conditions  and  with  various  flow  rates  for  ventilation  air.  An 
examination  of  Figure  No.  74d  reveals  that  at  a  ventilation  rate  of  6  cfm  per 
occupant,  a  peak  effective  temperature  of  86°  F  was  recorded.  This  peak  is  some- 
vnat  below  the  peaks  obtained  in  other  simulated  occupancy  tests  during  whicu 
che  earth  cover  was  not  disturbed  by  a  simulated  fire  storm,  therefore,  it  is 
inferred  that  the  presence  of  the  fire  storm  would  not  have  an  adverse  effect 
on  the  shelter  environment  and  that  the  controlling  1  ‘ctor  with  respect  to 
underground  shelter  environment  is  the  long  time  soil  temperature  near  the 
shelter  structure  and  the  ventilation  air  flow  rate.  This  inference  is  in  com¬ 
plete  agreement  with  a  statement  by  Brodio  and  McMasters  which  is  quoted  as 
follows : 
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"As  may  be  seen,  a  fire  maintaining  a  temperature  of  2000°  F  for 
two  hours  or  so  would  not  produce  a  significant  temperature  change 
inside  a  shelter  which  affords  any  reasonable  fallout  protection. 
In  fact,  unless  essentially  the  entire  surface  of  the  shelter  is 
covered  with  hot  rubble  for  periods  considerably  longer  than  24 
hours,  transfer  by  conduction  through  the  walls  into  a  shelter 
covered  by  3  feet  of  earth  or  equivalent  may  be  ignored."^ 
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DEVELOPMENT  OF  A  PARAMETRIC  RELATIONSHIP 

The  selection  of  the  twenty-five  sites  for  conducting  simulated  occupancy 
tests  in  underground  survival  shelters  were  made  so  as  to  include  a  wide  range 
of  climatic  conditions,  soil  types  and  shelter  configurations.  Environmental 
changes  at  selected  locations  in  the  shelter  under  test  were  noted  when  the  shel¬ 
ter  was  subjected  to  typical  loading  and  typical  ambient  environmental  condi¬ 
tions.  Ventilation  air  which  had  been  conditioned  to  conform  to  typical  ambient 
temperatures  and  humidity  for  the  locale  where  the  test  was  being  conducted  was 
supplied  at  various  rates  in  an  effort  to  determine  the  optimum  air  flow.  The 
thermal  response  of  the  shelter  structure  and  of  the  soil  surrounding  the  shelter 
were  measured. 

The  thermal  response  for  each  of  the  twenty-five  test  shelters  and  their 
surroundings  have  been  tabulated  in  a  previous  section  of  this  report.  The 
purpose  of  this  section  of  this  report  is  to  correlate  these  test  results  and 
to  develop  a  relationship  which  will  include  the  various  parameters  that  affect 
the  environment  of  a  given  shelter  under  emergency  operating  conditions.  Such 
a  relationship  would  be  useful  in  evaluating  the  results  obtained  during  the 
test  program  on  the  twenty- five  shelters  which  were  subjected  to  simulated  oc¬ 
cupancy  in  an  effort  to  determine  if  any  significant  changes  would  have  occurred 
had  each  phase  of  the  test  been  conducted  in  a  shelter  which  had  not  been  ther¬ 
mally  disturbed  by  a  previous  phase.  A  relationship  of  this  type  might  also  be 
used  as  a  means  of  predicting  environmental  conditions  for  shelters  which  had 
not  been  tested  and  if  the  type  of  construction  material  were  assumed  along  with 
a  proposed  shelter  location  it  would  be  possible  to  predict  environmental  con¬ 
ditions  in  shelters  which  had  not  been  constructed  and  thereby  aid  in  the  design 
of  ventilation  and  cooling  systems  for  such  shelters. 

Since  the  range  of  the  ambient  diurnal  cycle  from  maximum  to  minimum  am¬ 
plitude  varied  widely  for  the  numerous  tests,  the  hourly  records  for  each  ther¬ 
mocouple  position  from  all  the  tests  were  averaged  for  every  24  hour  period. 

This  permitted  comparison  for  comparable  tests. 

Normally  the  initial  phase  of  each  test  was  conducted  using  high  air  flow 
rates  of  ventilation  air.  When  the  shelter  effective  temperature  cycle  repeated 
the  previous  day's  cycle,  the  shelter  was  considered  in  equilibrium.  If  equilib¬ 
rium  at  an  effective  temperature  lower  than  85°  F  was  achieved,  a  new  and  lower 
air  flow  rate  was  used  to  supply  ventilation  air,  thereby  starting  a  new  phase. 
Since  the  lower  air  flow  rates  supplied  less  air  to  remove  the  metabolic  heat  of 
the  occupants,  the  shelter  effective  temperatures  increased.  It  was  observed 
that  after  the  start  of  a  phase  the  initial  rise  in  shelter  effective  temperature 
was  quite  rapid,  occurring  within  one  to  two  hours  after  the  phase  was  started. 
The  shelter  effective  temperature  then  assumed  a  lower  rate  of  increase  but  fol¬ 
lowed  a  cycle  pattern  which  was  associated  with  the  ambient  diurnal  cycle.  Ex¬ 
amination  of  the  tests'  results  revealed  that  the  immediate  response  of  shelter 
effective  temperature  following  an  air  flow  change  was  quite  pronounced  at  both 
high  and  low  air  flow  rates. 

Two  factors  are  important  with  respect  to  shelter  effective  temperature,  the 
average  ventilation  air  effective  temperature,  which  essentially  remains  constant 
throughout  a  test,  and  the  temperature  of  the  earth  surrounding  the  shelter. 

The  temperatures  of  the  earth  surrounding  the  shelter  achieve  a  large  percent¬ 
age  of  their  total  rise  by  the  end  of  the  first  phase,  when  the  temperature 
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of  the  layer  of  earth  near  the  shelter  structure  approached  equilibrium  with 
the  shelter  temperature.  Thus  the  initial  rise  in  earth  temperature  is  much 
greater  than  subsequent  temperature  increases  because  the  variations  in  shel¬ 
ter  dry  bulb  temperature  brought  about  by  changes  in  ventilation  air  flow  rate 
are  lower  than  the  temperature  difference  that  existed  at  the  start  of  the 
first  phase. 

Ventilation  air  flow  into  the  shelter  under  test  was  always  based  upon 
some  arbitrarily  selected  number  of  cubic  feet  of  air  per  occupant  per  minute , 
and  the  shelters  were  usually  loaded  at  the  rate  of  one  occupant  per  ten  square 
feet  of  floor  space.  The  usual  ceiling  height  was  from  7  to  10  feet,  hence: 

Shelter  Volume  Per  Occupant  * 

10  feet  x  10  square  feet  *  100  cubic  feet. 

With  a  minimum  air  flow  rate  of  three  cubic  feet  of  ventilation  air  per  minute 
per  occupant  based  on  the  amount  of  ventilation  air  needed  to  achieve  chemical 
control  of  the  shelter  atmosphere,  the  air  change  rate  within  the  shelter  spice 
was: 


Shelter  air  changes  per  hour  *  cubic  feet  supply  air/hr.  occupant 

cubic  feet  shelter  volume/occupant. 

■  (3  ft^/occ.  min)  (60  min/hr.) 

(100  ft^/occ.) 


-  1.8 


It  can  be  shown  that  as  the  air  flow  rate  increased,  the  time  required  for 
shelter  response  decreased,  since  the  lag  effect  of  the  air  within  the  shelter 
at  the  time  of  air  flow  rate  change  must  proceed  at  a  rate  no  slower  than: 

Remaining  Original  Air  Volume  ■  (Shelter  Volume) 

2n 


Where : 


n  "  number  of  air  changes  since  change  of  air  flow  rata 

Once  stabilized  environmental  conditions  have  been  achieved  during  the 
first  phase  of  a  test,  only  three  to  four  days  were  required  to  establish  suc¬ 
ceeding  phase  stabilization.  The  rate  of  shelter  effective  temperature  rise 
during  the  first  few  hours  following  each  phase  change  was  attributed  to  an  in¬ 
crease  in  the  shelter  dry  bulb  temperature  occasioned  by  the  reduction  in  vent¬ 
ilation  air  flow  rate,  which,  in  turn,  grad"*Lly  brought  about  an  increaae  in 
tha  temperature  of  the  earth  surrounding  the  shelter.  As  a  means  of  ascertain¬ 
ing  that  stabilization  had  occurred,  each  phase  was  continued  until  tha  shelter 
exhaust  air  effective  temperature  curve  essentially  duplicated  the  previous  day'* 
diurnal  cycle. 

Ventilation  elr  leaving  the  shelter  through  the  exhaust  duct  was  selected 
as  e  representative  environment  check  point  after  examination  of  test  data  in¬ 
dicated  that  the  exhaust  air  effective  temperature  was  essentially  equal  to 
tha  average  of  the  effective  temperatures  taken  at  two  or  three  selected  loca¬ 
tions  within  the  shelter  test  ares. 
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In  an  effort,  to  determine  the  effective  temperature  path  that  would  have 
been  followed  by  each  phase  had  the  air  flow  rate  for  the  subsequent  phases 
been  used  as  a  staging  point  for  the  test,  a  relationship  expressed  by  an 
equation  of  the  following  form  was  used: 

ET  -  A  +  BY  +  CF(t) 


Where:  ET 


Shelter  exhaust  air  effective  temperature 


A  ■  Effective  temperature  of  shelter  air  at  the  start  of  the 
test 


B  ■  Difference  between  shelter  effective  temperatures  at  start 
of  test  and  after  phase  stabilization  had  been  accomplished 

Y  *=  Factor  which  will  approach  unity  as  time  increases 

CF(t)  *  Expression  which  will  reflect  the  effect  of  the  diurnal 
cycle  upon  the  average  effective  temperature  curve 


Examination  of  test  data  indicated  that,  in  shelters  which  had  not  been 
previously  occupied,  and  therefore  were  essentially  isolated  from  ambient  air, 
the  dry  bulb  temperature  of  the  shelter  air  closely  approximated  the  temperature 
of  the  shelter  interior  walls.  The  relative  humidity  within  these  shelters  was 
high  even  in  dry  climates  due  to  the  fact  that  the  deep  ground  moisture  did  not 
vary  greatly  from  one  geographic  location  to  another  and  was  more  a  function  of 
soil  type  than  surface  weather  conditions.  The  shelters  tested  were  usually 
constructed  with  concrete  walls,  floor  and  ceiling,  thus  permitting  the  earth 
moisture  in  vapor  form  to  migrate  to  the  air  within  the  shelter,  or  vice-versa, 
until  equilibrium  conditions  were  reached.  Since  the  environmental  conditions 
within  the  shelter  were  disturbed  prior  to  gathering  psychrometric  recorded 
data,  the  undisturbed  earth  temperature  at  the  level  of  the  shelter  wall  geo¬ 
metric  center  was  used  in  the  following  equation  as  the  dry  bulb  temperature 
that  would  have  existed  within  the  test  structure  in  an  undisturbed  state.  An 
examination  of  data  taken  during  test  program  indicated  that  the  initial  rela¬ 
tive  humidity  in  the  shelter  atmosphere  varied  from  707,  to  907,  depending  upon 
the  moisture  contained  in  the  earth  surrounding  the  shelter.  The  value  of  the 
initial  wet  bulb  temperature  was  then  determined  by  use  of  a  psychrometric  chart 
corrected  for  shelter  elevation  when  necessary.  With  the  initial  wet  and  dry 
bulb  temperatures  established,  the  initial  effective  temperature  of  the  shelter 
was  determined  from  the  expression 


ET  -  0.7  (wb)  +  0.3 (db) 


thus  establishing  che  value  of  "A"  for  the  shelter  under  consideration. 

A  comparison  of  a  plot  of  environmental  conditions  obtained  during  low 
air  flow  rate  tests  with  the  curve  generated  by  Dr.  E.  E.  Drucker  using  an 
Analog  Computer  indicated  good  agreement,  therefore  the  use  of  Dr.  Drucker' s 
information  regarding  rate  of  shelter  effective  temperature  rise  was  considered 
to  be  justified.  On  the  basis  of  Dr.  Drucker's  statement,  "After  four  days, 
the  temperature  rise  is  S3  percent  of  ito  ultimate  rise.  After  10  days  95  per¬ 
cent  of  the  rite  had  occurred  and  after  20  days,  99  percent  has  taken  place, "10 
the  following  calculations  were  made: 
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ET  -  A  +  B  (1  -  X'Ta)  +  C  (t) 

Since  C  F(t)  refers  only  to  diurnal  cycle  effect  upon  average  effective  tem¬ 
perature  curve,  it  was  initially  ignored.  The  equation  then  reduces  to: 

ET  =  A  +  B  (1  -  X'TS) 

Where:  T  =  Effective  time  in  days  from  start  of  phase  (This  will  neces 

sarily  vary  from  the  actual  number  of  test  days  after  the 
first  phase.) 

a  =  Exponential  value  for  "T"  to  be  calculated 
X  *  Constant  to  be  calculated 
Let:  ET0  -  Shelter  effective  temperature  at  start  of  test 

ET^  =  Shelter  effective  temperature  at  the  end  of  four  days 

f T0  =  Shelter  effective  temperature  at  the  end  of  ten  days 

Then:  ET0  -  A  +  B  (1  -  X'oa)  *  A 

2ST|_  -  A  +  B  (1  -  X'4a) 

ET2  =  A  +  B  (1  -  X'l0a) 

Therefore : 

ET:  -  ET0  «  A  +  B  (1  -  X“4a)  -  A  =  B  (1  -  X'4a) 

ET2  -  ET0  =  A  +  B  (1  -  X"10a)  -  A  *  B  (1  -  X_10a) 

1 0 

From  Analog  Solution  When: 

T  =4  then  ET^  -  A  +  0.83B 

T  -  10  then  ET2  ■  A  +  0.95B 

Hence:  ET]_  -  ET0  -  A  +  0.83B  -  A  «  0.83B 

ET2  -  ET  -  A  +  0.95B  -  A  »  0.95B 

Substituting  equals: 

0.83B  -  B  (1  -  X-4a) 

0.95B  -  B  (1  -  X’10a) 

Solving  for  unknowns: 

0.95  *  l  -  X_10a  therefore  X'l°a  -  0.05 

0.83  "  1  -  X  4a  therefore  X"4a  ■  0.17 
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Inverting:  X+lp«  '  20  and  ’5.88 

By  taking  log  of  both  equations: 

1  :  10a  log  X  -  log  20 

2  :  4a  log  X  ■  log  5.88 

Dividing  equation  1  by  equation  2: 

10a  log  X  -  log  20  -  1.693 

4a  log  X  log  5.88 

2.5a  *  1.693 


a (log  2.5)  -  log  1.693  -  0.526 

a  *  0.526  -  0.526  =  0.576 

log  2.5  0.914 

Substituting  "a"  into  equation  2: 

4°. 576  log  x  =  log  5>88  =  1>77 


log  X  =  1.77  =  0.798 

2.22 


Then : 


X  =  e0.798  „  2.22 

0.5/6 

ET  »  A  +  B  (1  -  2 . 22“T  ) 


Results  obtained  using  this  equation  were  checked  against  data  gf  nerated 
during  a  test  on  the  same  shelter  at  air  flow  rates  of  from  3  to  7  cubic  feet 
per  minute  per  occupant.  and  the  calculated  results  closely  approximated  the 
experimental  data.  The  calculated  values  were  checked  against  the  analog  solu¬ 
tion  setting  "T"  equal  to  4,  10  and  20  and  the  calculated  results  were,  the 
same  as  those  of  the  analog. 

The  effect  of  the  ambient  diurnal  temperature  cycle  was  observed  to  be  a 
function  of  the  cycle  amplitude  and  the  time  of  day  at  which  the  effective 
temperature  occurred.  Since  the  amplitude  of  the  effective  temperature  curve 
is  essentially  constant  once  an  air  flow  rate  is  stabilised,  it  may  be  con¬ 
sidered  as  a  constant  being  operated  upon  by  a  time  dependent  function.  An 
expression  which  satisfactorily  expresses  t he  diurnal  effect  is: 

diurnal  effect  -  C  F(t)  -  -  0.707  C  (cos  15  t  sin  15  t) 

2  2 


This  expression  did  not  result  in  exact1 v  the  type  of  distorted  diurnal 
cycle  that  occurs  during  a  typical  day.  Howe vet .  the  dally  average  tempera¬ 
ture  intercepts,  as  well  as  the  maximum  and  minimum  temperatures  occurred  at 
the  correct  time,  and  it  was  felt  that  the  simplicity  of  the  relationship 
justified  its  use  instead  of  the  more  complicateu  expression  which  would 
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produce  a  true  temperature  -  time  cycle.  By  combining  the  expression  evaluating 
the  average  effective  temperature,  with  the  one  reflecting  the  diurnal  cycle  ef¬ 
fect,  the  value  of  the  effective  temperature  at  any  time  may  be  established  if 

"T"  in  days  and  "t"  in  hours  are  known.  Hence: 

ET  -  A  +  B(1  -  2.22‘t°‘576)  -  0.707  C  (cos  15  t  +  sin  15  t) 

2 


Where:  A  ■  Effective  temperature  of  the  shelter  at  start  of  test 

B  *  Difference  between  shelter  effective  temperature  at  start 

of  test  and  after  phuse  stabilization  had  been  accomplished 

C  »  Amplitude  of  shelter  exhaust  air  effective  temperature 
diurnal  cycle 


T  ■  Time  in  days  from  start  of  test  phase  (this  will  necessar¬ 
ily  vary  from  the  actual  number  of  test  days  after  the  first 
phase) . 

t  =  Time  of  day  in  hours  from  0  to  24  hours  (Example:  3  P.M. 
must  be  entered  as  15  to  generate  correct  sign  in  “he 
trigonometric  relationships.) 

The  value  of  "C"  was  obtained  from  examination  of  the  test  data  for  each 
phase  checked  and  good  results  were  obtained  as  long  as  the  equation  was  used 
on  family  type  shelters  with  moderate  air  flow  rates.  When  the  shelter  size 
increased  and  the  air  flow  rate  exceeded  eight  cfm  per  occupant,  the  values 
calculated  by  the  above  equation  for  times  during  the  first  days  of  the  test 
were  consistently  lov  due  to  the  "immediate  response"  effect  previously  dis¬ 
cussed.  This  tendency  toward  low  initial  calculat'd  effective  temperatures 
in  no  way  changed  the  value  of  the  maximum  effective  temperature  which  re¬ 
sulted  when  a  state  ot  equilibrium  was  established,  since  the  value  of  "B" 
is  the  limiting  factor  for  the  maximum  effective  temperature  under  these  con¬ 
ditions  . 


The  foregoing  discussion  has  dealt  with  the  development  of  a  procedure 
by  which  experimental  data  can  be  extrapolated  to  a  point  of  origin.  During 
the  process  of  developing  these  relationships,  it  became  apparent  that  these 
same  methods  would  permit  predictive  calculations  to  be  made  when  ground  tem¬ 
peratures  and  ambient  weather  data  are  known.  Since  Cue  primary  concern  is 
the  shelter's  maximum  effective  temperature  after  a  state  of  thermal  equilib¬ 
rium  lias  been  established,  rather  than  the  path  by  which  this  effective  tem¬ 
perature  is  reached,  a  method  was  developed  for  detcnH  ni.ig  a  shelter's  max¬ 
imum  effective  temperature,  at  any  time  "t",  from  a  series  of  graphs  based 
upon  experimental  data  and  accepted  theoretical  relationships .  The  data,  upon 
which  these  graphs  were  (ased,  were  obtained  from  testing  concrete  shelters, 
therefore  the  effect  of  variation  in  moisture  migration  caused  by  differences 
in  surface  porosity  should  be  considered  when  exterior  walls  are  constructed 
t rom  maleiials  other  than  concrete. 
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Figure  75A  isa  graph  of  undisturbed  shelter  effective  temperature  vs 
undisturbed  ground  temperature  when  the  relative  humidity  of  the  shelter  air 
is  held  constant.  Curves  have  been  plotted  for  the  range  of  relative  humid¬ 
ities  most  likely  to  exist  in  underground  fallout  shelters  that  have  been 
undisturbed  for  several  weeks.  Linear  interpolation  should  be  used  for 
relative  humidity  values  not  plotted  but  within  the  range  of  the  plotted 
curves . 

The  undisturbed  shelter  effective  temperature  vs  the  coefficient  of 
temperature  increment  due  to  occupancy  graph  shown  in  Figure  75B  contains 
curves  plotted  by  holding  the  occupant  air  flow  rate  constant.  These  curves 
are  based  upon  experimental  data  plotted  in  Figure  75D  entitile4  "Plotted 
Data  of  * B ’  against  CFM  for  given  *A'  values,"  which  was  developed  from 
analysis  of  experimental  data  gathered  during  the  course  of  tests  performed. 
The  curves  are  general  since  the  data  wtre  gathered  over  a  widely  varying 
geographic  area. 

The  24  hour  average  effective  temperature  vs  the  coefficient  of  temper¬ 
ature  due  to  occupancy  graph  shown  in  Figure  75C  contains  curves  generated 
with  a  constant  air  flow  rate  per  occupant.  These  curves  are  based  upon 
experimental  data  contained  in  the  appendix  data  sheets.  The  24  hour  average 
effective  temperature  is  read  from  the  right  hand  ordinar,  of  the  graph  and 
is  the  average  effective  temperature  that  may  be  expected  to  exist  in  an 
underground  shelter  after  14  days  of  occupancy.  It  is  necessary  to  apply  a 
correction  for  diurnal  variation  in  order  to  obtain  the  effective  temperature 
when  a  particular  hour  is  being  considered. 

The  amplitudes  of  the  effective  temperature  diurnal  cycles  for  shelter 
exhaust  air  and  shelter  supply  air  were  determined  for  each  test  at  the  air 
flow  rate  per  occupant  producing  85  degrees  F  effective  temperatures  during 
peak  load  periods.  The  ratio  of  these  amplitudes  was  plotted  vs  the  shelter 
air  flow  rate  per  occupant  required  tc  produce  such  a  ratio.  The  plot  of 
these  points  is  shown  in  Figure  75E.  Examination  of  the  distribution  of 
these  points  suggested  that  a  curve  could  be  developed  whose  ^ath  would 
minimize  the  probable  error  at  any  given  point.  The  data  from  which  each 
point  was  p’  tted  was  supplied  to  a  digital  computer  which  employed  the 
methods  of  st  Squares  and  Gauss  Elimination  to  develop  an  equation  with 
which  the  solid  line  curve  was  drawn.  This  equation  was  used  to  develop 
an  identical  curve  shown,  in  Figure  76A  upon  which  the  nomogram  is  based. 

Figure  76B  is  based  upon  the  fact  chat  a  predictable  ratio  exists 
between  the  effective  temperature  diurnal  cycle  amplitudes  of  shelter  supply 
and  exhaust  air,  and  when  this  ratio  is  held  constant  a  linear  relationship 
exists  between  the  shelter  supply  and  exhaust  air  effective  temperature 
amplitudes . 

Since  the  amplitude  of  the  ambient  effective  temperature  diurnal  cycle 
may  be  determined  for  any  particular  shelter  site  and  some  air  flow  rate 
per  occupant  must  be  chosen,  the  probable  amplitude  of  the  shelter's 
exhaust  air  diurnal  cycle  may  be  established  through  the  use  of  Figure  76A 
and  Figure  76B. 

The  variation  of  the  shelter  exhaust  air  from  the  24  hour  average  value 
at  any  time  of  day  nay  be  established  through  the  use  of  Figure  76C.  These 


curves  were  developed  by  plotted  values  of  the  trigonometric  function  ex¬ 
pressing  diurnal  cycle  effect  vs  time  of  day.  When  these  curves  are  used  it 
is  improtant  to  remember  that  the  abscissa  is  a  line  of  zero  correction,  and 
that  the  correction  read  from  the  right  hand  ordinate  must  be  applied  with 
the  proper  algebraic  sign  as  shown  at  the  top  of  Figure  76C. 

The  curves  in  Figure  76C  are  calculated  for  values  of  shelter  effective 
temperature  amplitude  "C"  from  1  to  16  degrees  F.  Interpolation  may  be  used 
to  determine  appropriate  corrections  for  values  of  "C"  not  plotted. 

The  graphs  discussed  above  combine  to  form  the  two  nomograms  shown  in 
Figure  75  and  Figure  76.  The  shelter  effective  temperature  may  be  graphically 
determined  for  any  time  of  day  through  the  use  of  these  nomograms  in  con¬ 
junction  with  information  concerning  shelter  site  undisturbed  earth  temperature, 
ambient  wet  and  dry  bulb  design  temperatures  for  a  24  hour  period,  and  a 
design  ventilation  rate  expressed  in  cubic  feet  of  air  per  minute  per  occupant. 
The  shelter  effective  temperature  (E.T.)  is: 

E.T.  =  Value  read  from  right  hand  ordinauc  Figure  75C  +  ''alue  read 
from  right  hand  ordinate  Figure  76C 

It  should  be  remembered  that  the  use  of  the  nomograms  apply  only  to 
stabilized  conditions  which  may  be  expected  to  exist  within  the  shelter  being 
considered  after  14  days  of  continuous  occupancy. 
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The  use  of  the  graphic  method  is  illustrated  by  the  following  hypotheti¬ 
cal  problem: 

Statement  of  Problem:  Determine  the  shelter  effective  temperature  at  0730 
hours  that  might  be  expected  during  the  month  of  August  in  a  concrete  type 
shelter  to  be  constructed  at  Someplace,  U.S.A.  This  shelter  will  be  equip¬ 
ped  with  a  fan  capable  of  delivering  ambient  supply  air  to  the  shelter  at 
a  rate  of  10  cf®  per  occupant. 

Solution: 


1.  Obtain  August  soil  temperature  from  existing  data  or  by  measure¬ 
ment  at  a  depth  approximately  equal  to  the  planned  geometric  center 
of  the  shelter  walls  (e.g.  73°  F). 

2.  Select  the  relative  humidity  that  commonly  exists  in  cellars  or 
other  underground  structures  located  in  the  area  of  Someplace, 

U.S.A.  (e.g.  80%). 

3.  From  examination  cf  existing  August  weather  data,  select  a  "typical 
day"  during  which  the  severity  of  the  wet  and  dry  bulb  temperatures 
would  not  be  exceeded  more  often  than  1%  to  37=  of  the  time. 

4.  Calculate  the  maximum  and  minimum  effective  temperatures  produced 
by  this  day.  (Assume  no  wind  velocity). 

Then:  Supply  air  amplitude  =  Maximum  ambient  ET  -  Minimum  ambient  ET 

5.  Starting  with  Figure  No.  75a  from  the  73°  F  point  of  the  "Undisturbed 
Ground  Temperature"  axis,  move  upward  to  the  807.  relative  humidity 
line.  From  the  point  of  intersection  of  the  73°  F  line  and  807.  rel¬ 
ative  humidity  line  move  right  until  the  10  cfm  per  occupant  curve 

is  met,  tnen  proceed  downward  until  the  next  10  cfm  per  occupant 
curve  is  intersected  in  the  lower  right  hand  section  of  the  graph. 

Now  move  right  from  this  point  until  the  "A  +  B"  axis  is  met  and 
read  the  numerical  value  and  record  it  (85°  F).  This  is  the  value 
of  the  shelter's  24  hour  average  effective  temperature  that  will 
occur  after  stabilization  of  the  shelter  environment. 

6.  New  turn  to  Figure  No.  76  and  locate  the  10  cfm  per  occupant  point 
on  figure  a.  From  this  point  move  upward  until  the  ratio  line  is 
intersected,  then  move  right  to  the  point  of  entry  of  figure  b;  draw 
a  line  from  this  point  to  the  origin  of  the  center  graph.  Select 
the. point  where  this  line  intersects  the  appropriate  "Supply  Air 
Amplitude"  line  found  to  be  15°  F  from  Weather  Bureau  Records  for 
Someplace,  U.S.A. ,  then  move  horizontally  to  the  right  edge  of  fig¬ 
ure  b  and  read  the  value  (4)  of  the  shelter  effective  temperature 
amplitude.  This  identifies  the  curve  from  which  the  diurnal  effect 
correction  will  be  read. 

7.  Move  to  the  right  across  the  graph  until  the  0730  line  is  met,  then 
move  upward  or  downward  (in  this  case  downward)  until  the  desired 
curve  is  intersected.  From  the  sign  at  the  top  of  the  graph,  read 
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the  algebraic  sign  that  is  in  effect  at  the  point  of  intersection, 
then  move  horizontally  from  the  point  of  intersection  to  the  right 
hand  side  of  the  graph;  read  the  value  of  the  diurnal  correction, 
and  apply  the  correct  algebraic  sign  (in  this  case  negative).  Re¬ 
cord  the  value  read  (-0.8°  F). 

8.  The  effective  temperature  is: 

ET  =  (A  +  B  value)  +  (diurnal  correction  value) 

Therefore:  at  0730  hours 

ET  =  85°  F  -  0.8°  F  =  84.2°  F. 

By  following  the  ,!4"  curve  to  its  maximum  point,  it  is  evident  that 
at  approximately  0300  hours  the  shelter  minimum  effective  temperature 
will  be: 

ET  Min.  =  85°  F  -  2°  F  =  83°  F. 

The  shelter  maximum  effective  temperature  will  occur  around  1500  hours 
and  will  be: 

ET  Max.  =  85°  F  +  2°  F  -  87°  F. 

It  is  felt  that  the  judicious  use  of  these  parametric  relationships 
will  produce  fairly  reliable  results  for  most  locations  within  the 
continental  United  States.  The  accuracy  is  necessarily  dependent 
upon  the  quantity  and  quality  of  raw  data  which  were  available  for 
the  development  of  these  relationships.  The  quantity  of  data  avail¬ 
able,  while  seemingly  rather  large  in  volume,  is  small  for  the  area 
being  considered;  however,  it  is  felt  that  the  results  obtained  by 
the  above  methods  will  be  accurate  within  reasonable  limits. 

The  simulated  occupancy  test  conducted  at  Ft.  Belvoir,  Virginia,  on  the 
1000  occupant  protective  shelter  building  was  broken  down  into  several  phases. 
The  first  phase  was  conducted  using  540  simulated  occupants  (one  for  each  10 
square  feet  of  shelter  floor  area)  with  a  ventilation  air  flow  rate  of  16.8  cfm 
per  occupant.  This  phase  was  conducted  for  a  period  of  nine  days.  At  the  end 
of  the  ninth  day,  an  examination  of  temperatures  recorded  in  the  shelter  ex¬ 
haust  indicated  that  the  shelter  structure  and  the  earth  surrounding  the  shel¬ 
ter  structure  wexe  thermally  stable.  This  phase  was  followed  by  a  phase  using 
the  same  number  of  occupants  but  with  a  ventilation  air  flow  rate  of  13.3  cfm 
per  occupant.  This  phase  continued  for  three  days,  and,  at  the  end  of  the 
third  day,  recorded  data  indicated  that  the  shelter  and  the  surrounding  earth 
were  thermally  stable.  Phase  three  followed  using  the  same  number  of  occupants 
and  a  ventilation  air  flow  rate  which  had  been  reduced  to  5  cfm  per  occupant. 
This  phase  was  terminated  when  test  results  indicated  that  thermal  equilibrium 
had  been  achieved.  Figure  No.  77  shows  a  curve  obtained  by  plotting  the  24 
hour  average  effective  temperatures  which  existed  in  the  ventilation  air  ex¬ 
haust  duct  of  the  Ft.  Belvoir,  Virginia,  shelter  against  time  expressed  in  days 
of  test  duration. 
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Since  the  1000  occupant  shelter  located  at  Ft.  Belvoir,  Virginia,  was 
considered  typical  of  the  type  of  shelter  which  might  be  constructed  for 
public  use,  it  was  decided  to  use  the  test  data  collected  during  the  simu¬ 
lated  occupancy  tests  of  this  shelter  as  a  means  of  checking  the  validity  of 
the  previously  discussed  equation.  Also  shown  on  Figure  No.  77  is  a  plot  of 
average  effective  temperature  against  days  of  occupancy  (14  days  being  used 
for  this  calculation)  which  were  obtained  by  using  the  previously  described 
equation  for  predicting  shelter  environmental  conditions  in  the  Ft.  Belvoir, 
Virginia,  area.  Average  effective  temperatures  were  predicted  for  a  ventila¬ 
tion  air  flow  rate  of  16.8  cfm  per  occupant.  With  actual  and  theoretical 
predictions  of  environmental  conditions  for  the  same  shelter  plotted  on  a 
single  graph,  it  is  possible  to  compare  the  results  obtained  by  the  two  meth¬ 
ods.  It  will  be  noted  that  the  predicted  and  actual  results  c't  the  16.8  cfm 
per  occupant  ventilation  rate  shows  a  reasonable  degree  of  correlation  for 
the  nine  days  that  the  tost  data  were  collected.  Comparison  of  test  data 
after  the  nine  day  period  with  predicted  results  obtained  using  the  theoret¬ 
ical  equation  with  a  ventilation  air  flow  r.ife  ib.C  cfm  per  occupant  was  not 
possible  since  test  conditions  were  changed  on  the  tenth  day  of  the  test  pro¬ 
gram.  However,  it  is  possible  to  compare  the  results  predicted  for  the  four¬ 
teenth  day  by  means  of  the  theoretical  equation  with  results  predicted  for 
the  fourteenth  day  using  the  graphic  solutions  previously  described.  These 
results  were  found  to  be  identical. 

Since  the  data  collected  with  a  ventilation  air  flow  rate  of  5  cfm  per 
occupant  was  obtained  on  a  shelter  which  had  been  thermally  disturbed  by  a 
previous  test  phase,  it  is  possible  to  compare  such  test  results  with  the 
predicted  results  for  an  identical  condition  in  a  shelter  that  had  not  been 
previously  tested.  Some  indication  of  the  path  that  phase, three  shown  on 
Figure  No.  77,  would  have  followed  had  it  been  conducted  in  a  shelter  not  pre¬ 
viously  tested  may  be  obtained  from  the  predicted  plot.  A  comparison  of  the 
end  results  that  would  be  expected  with  an  air  flow  rate  of  5  cfm  per  occupant 
and  the  actual  test  results  obtained  during  the  test  using  simulated  occupants 
with  5  cfm  per  occupant  would  indicate  that  there  is  not  a  significant  differ¬ 
ence  in  the  test  results  due  to  the  test,  program  which  preceeded  the  third 
phase . 


The  following  calculations  are  based  on  conditions  as  they  were  found  to 
exist  in  the  1000  occupant  protective  shelter  located  at  Ft.  Belvoir,  Virginia, 
prior  to  the  start  of  the  simulated  occupancy  test  and  are  based  on  an  occu¬ 
pancy  time  of  fourteen  days.  These  may  also  be  considered  sample  calculations 
for  the  theoretical  values  which  are  plotted  in  Figure  No.  77. 

1000  Man  Shelter ,  _Ft .  Belvoir,  Virginia 


9  -  A  +  B(i  - 


J _ )  -  C  ( . 707) (sin  I5t  +  cos  15t) 

j0. 576  2 


9  *  Effective  temperature  for  desired  time 


A  *  68.8°  F  initial  shelter  air  ET  using  Figure  No.  75a  with  71.8  db 

(recorded  undisturbed  earth  temperature  opposite  geometric  center  of 
shelter)  and  an  assumed  relative  humidity  of  807.. 
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B  ■  14°  F  temperature  increment  due  to  occupancy  which  was  found  from 
Figure  No.  75b,  using  an  air  flow  rate  of  16.8  cftn  per  occupant  and 
the  above  value  for  A. 


T  *  14  days  length  of  occupancy 


0 

6 


68.8  +  14.0(1  - 

82.5 


2.22 


_! _ ) 

1A0.576 


Average  temperature  24  hour  period  for  shelter  at  end  of  14  days  occupancy 


0  *  82.5  calculated 

0  =  82.5  graphic 

In  order  to  have  means  for  evaluating  the  ability  of  the  theoretical 
equation  to  predict  hourly  values  of  environmental  conditions  in  survival  shel¬ 
ters  under  occupancy  conditions,  the  curve  plotted  as  a  solid  line  in  Figure 
No.  78  vas  generated  through  a  series  of  points  representing  hourly  values  of 
shelter  effective  temperatures  obtained  during  the  simulated  occupancy  test  of 
the  1000  occupant  shelter  at  Ft.  Belvoir,  Virginia,  for  the  ninth  day  of  the 
test  with  a  ventilation  air  flow  rate  of  16.8  cubic  feet  per  occupant.  Also 
shown  in  Figure  No.  78  are  hourly  predicted  values  of  effective  temperature 
obtained  using  the  previo  -sly  described  theoretical  equation.  It  will  be  noted 
that  the  actual  results  and  the  theoretical  results  are  in  substantial  agree¬ 
ment,  and  at  no  time  do  they  differ  more  than  1  1/4  degree  effective  temperature 
The  calculations  which  follow  support  the  calculated  values  which  ar»  shown  in 
Figure  No.  78. 

To  correct  the  diurnal  cvcle  the  term  £  C( . 707) (sin  15t  +  cos  15t^  is 
used.  In  order  to  compare  mathematical  predictions  with  actual  data,  the  ninth 
day  of  the  test  was  chosen. 


0  *  68.8  +  14(1-  1 _ )  »  82.0;  data  shows  82.5 

2.2290.576 

C  «  0.325  the  shelter  ET  amplitude  which  is  read  from  Figure  No.  76b  using 
a  supply  air  ET  amplitude  of  9.2°  F  obtained  from  weather  bureau  -co¬ 
ords  and  a  ratio  of  0.36  (taken  from  Figure  No.  /6a  using  supply  ati 
ET  16.8  cfm  per  occupant). 

t  ■  time  of  day  in  hours  and  varies  from  1  to  24 

fc.r  t  •  15 

0  -  82.0  -  0.325  (. 70/) (sin  225  +  cos  225) 

2 


Since  some  of  the  constants  used  in  the  theoretical  equation  used  as  a 
means  of  predicting  shelter  conditions  were  based  on  teat  data  obtained  in  a 
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test  program  which  included  the  Ft.  Belvoir,  Virginia,  shelter,  it  was  felt 
that  this  equation  should  be  tested  on  test  results  which  were  obtained  in¬ 
dependently  of  the  University  of  Florida  cest  program.  Since  the  National 
Bureau  of  Standards  in  Washington,  D.  C.,  had  conducted  simulated  occupancy 
tests  in  a  concrete  shelter  which  was  located  underground  in  the  Washington 
area,  data  recorded  during  this  test  were  used  to  plot  a  curve  representing 
average  effective  temperature  on  a  daily  basis;  this  plot  is  shown  as  a  solid 
line  in  Figure  No.  79.  Also  shown  in  Figure  No.  79  is  a  dotted  c^rve  which 
represents  predicted  average  daily  temperature  based-  on  climatic  conditions 
and  expectant  soil  temperatures  in  the  Washington  area.  Values  for  these 
conditions  obtained  from  recorded  data  were  used  in  connection  witn  the  pre¬ 
viously  described  theoretical  equation  to  predict  shelter  environmental  con¬ 
ditions  for  a  shelter  in  the  Washington  area.  The  correlation  between  these 
two  curves  is  considered  to  be  acceptable.  On  the  basis  of  the  previously 
described  comparison  of  test  and  theoretical  results,  it  is  concluded  that 
the  theoretical  equation  is  capable  of  predicting  with  a  reasonable  degree 
of  accuracy  environmental  conditions  that  might  be  expected  in  an  underground 
shelter  either  on  a  daily  or  hourly  basis. 
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UNACCOUNTED  FOR  LOSSES  AND  GAINS  IN  TOE  SHELTER  VENTILATION  AIR  EXHAUST  STREAM 

A  discrepancy  was  noted  in  the  results  obtained  during  certain  of  the  pre¬ 
viously  described  simulated  occupancy  tests  when  an  attempt  was  made  to  compute 
a  moisture  balance  on  the  shelter  ventilation  air  as  it  passed  through  certain 
shelters.  Examination  of  the  test  data  revealed  that  this  discrepancy  was 
usually  apparent  in  cases  involving  shelters  constructed  of  either  poured  con¬ 
crete  or  concrete  products.  For  example,  the  Summerlin  Shelter,  Gainesville, 
Florida,  which  was  a  welded  steel  tank  did  not  lose  or  gain  moisture  in  the 
ventilation  air  stream  that  could  not  be  accounted  for  as  either  coming  from 
the  occupants  or  by  condensation  on  the  walls,  ceiling,  or  floor  of  the  shelter. 

The  humidity  ratio  of  the  ventilation  air  leaving  the  shelter  should  be 
equal  to  the  humidity  ratio  of  the  ventilation  air  entering  the  shelter  plus 
the  moisture  that  was  released  within  the  shelter  in  vapor  form  by  either  the 
occupants  of  the  shelter  or  by  other  vapor  producing  equipment.  Since  the 
test  program  previously  discussed  was  designed  to  evaluate  the  effects  of 
human  occupants  on  shelter  environment,  the  shelters  under  test  were  selected 
and  operated  during  the  test  period  so  that  vapor  producing  equipment,  other 
than  simulated  occupants  (simocs),was  not  used.  Under  test  conditions,  the 
moisture  produced  by  the  simocs  plus  the  moisture  contained  in  the  entering 
ventilation  air  should  have  equalled  the  moisture  contained  in  the  ventilation 
air  as  it  was  exhausted  from  the  shelter.  A  review  of  data  collected  on  shel¬ 
ters  constructed  of  concrete  products  revealed  that  in  practically  all  cases 
the  shelters'  exhaust  air  contained  either  more  or  less  moisture  than  could  be 
accounted  for  by  summing  up  the  moisture  in  the  entering  ventilation  air  and 
the  moisture  released  by  the  simulated  occupants. 

In  certain  shelters,  such  as  the  Napier  Shelter,  Gainesville,  Florida, 
the  Hershey  Shelter,  St.  Louis,  Missouri,  the  Irvingdale  Shelter,  Lincoln, 
Nebraska,  and  Francis  Shelter,  Tucson,  Arizona,  there  existed  a  history  of 
either  moisture  seepage  through  the  walls  of  the  shelter  or  periodic  flooding 
of  the  shelters  due  to  entrance  of  surface  water  or  faulty  plumbing.  In  such 
cases,  it  has  been  assumed  that  the  addition  of  moisture  from  such  sources 
would  in  these  cases  cloud  the  results  obtained  by  means  of  a  moisture  balance. 
There  were  certain  shelters  included  in  the  test  program  that  had  no  serious 
history  of  leakage  or  flooding  that  might  effect  a  calculated  moisture  balance. 
These  shelters  were  the  Broyles  Shelter,  Gainesville,  Florida,  Abo  School, 
Artesia,  New  Mexico,  200  Occupant  Shelter,  Ft.  Belvoir,  Virginia,  1000  Occupant 
Shelter,  Ft.  Belvoir,  Virginia,  and  the  Underground  Concrete  Structure,  Lakeside, 
California.  These  shelters  were  considered  representative  of  a  cross  section 
of  the  shelters  included  in  the  entire  test  program  and  were  selected  as  rep¬ 
resentative  of  what  might  occur  with  respect  to  losses  and  gains  of  moisture 
from  the  ventilation  air  stream  as  it  passed  through  the  test  structure. 

During  the  simulated  occupancy  tests  conducted  on  these  shelters,  there 
were  two  sources  of  moisture,  i.e.,  moisture  contained  in  the  supply  ventilation 
air  and  moisture  released  by  the  simulated  occupants;  three  means  of  removal  of 
moisture  existed,  i.e.,  an  increase  in  moisture  content  in  the  exhaust  ventila¬ 
tion  air,  condensation  of  moisture  on  the  walls,  floor  and  ceiling  of  the  struc¬ 
ture  which  could  be  collected  and  pumped  from  the  shelter,  and  vapor  migration 
through  the  materials  used  to  construct  the  shelter.  From  the  records  kept  dur¬ 
ing  the  tests,  it  was  possible  to  calculate  a  material  balance  on  all  these 
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quantities.  Such  material  balance  was  computed  for  the  five  shelters  licted 
above  for  each  test  phase  associated  with  the  simulated  occupancy  tests  con¬ 
ducted  in  these  shelters.  Results  of  these  material  balances  are  tabulates  in 
Table  III. 

The  values  tabulated  in  Table  III  are  based  on  the  measurement  of  the  wet 
and  dry  bulb  temperature  of  the  entering  air,  the  metering  of  the  ventilation 
air  and  the  measurement  of  a  quantity  of  water  supplied  to  the  simulated  occu¬ 
pants  which  represented  the  latent  heat  load  of  shelter  occupants.  The  temper¬ 
ature  measurements  were  made  using  thermocouples  which  were  accurate  to  plus  or 
minus  one-quarter  of  a  degree  Fahrenheit.  The  air  flow  measurements  were  made 
using  a  Velometer  which  had  been  calibrated  against  an  ASME  standard  Pitot  and 
static  tube.  The  water  supplied  to  simulate  the  latent  load  was  measured  in 
calibrated  tanks  and  is  the  only  one  of  the  above  values  that  was  subject  to  a 
high  degree  of  accurate  measurement  under  field  experimental  techniques.  Under 
the  conditions  that  the  tests  were  operated,  it  is  entirely  possible  that  tem¬ 
perature  measurement  errors  could  have  combined  along  with  air  measurement  er¬ 
rors  to  give  a  total  error  of  as  much  as  five  per  cent  in  the  moisture  balance. 
Thus,  only  in  cases  such  as  phase  one  for  the  Abo  School,  where  the  discrepan¬ 
cies  between  moisture  added  and  moisture  lost  is  large  can  any  real  significance 
be  attached  to  the  recorded  values.  In  cases  such  as  existed  during  phase  four 
of  the  Abo  School  test,  the  tabulated  value  of  96  pounds  of  moisture  lost  has 
r*c  real  significance. 

The  Broyles  Shelter  tabulation  as  shown  in  Table  III  indicates  that  a 
moisture  migration  was  occurring  through  the  walls  of  the  shelter  during  all 
phases  of  the  simulated  occupancy  test.  Since  this  shelter  had  been  subjected 
to  a  prior  test  which  consisted  of  evaluating  the  effect  of  long  term  dehumid¬ 
ification,  it  may  be  assumed  that  structure  of  this  shelter  had  been  dehy¬ 
drated  to  such  an  extent  that  this  shelter  would  constitute  a  special  case. 
However,  the  other  four  test  structures  listed  in  Table  II  had  not  been  sub¬ 
jected  to  a  planned  dehumidification  test  program, and  it  will  be  noted  that 
discrepanices  exist  with  regard  to  the  moisture  balance  conducted  in  these 
cases.  . 

The  Abo  School,  Artesia,  New  Mexico,  which  had  been  constructed  approx¬ 
imately  18  months  prior  to  the  simulated  occupancy  test  was  equipped  with  year 
round  environmental  control  equipment,  designed  to  maintain  comfort  conditions 
in  the  shelter  atmosphere  independent  of  ambient  climatic  changes.  It  will  be 
noted  that  during  the  first  phase  of  the  simulated  occupancy  test, conducted  in 
this  shelter, that  almost  twice  as  much  moisture  appeared  in  the  exhaust  venti¬ 
lation  air  stream  as  had  been  supplied  to  the  simulated  occupants  in  the  shelter. 
During  the  second  phase,  approximately  one- third  more  moisture  appeared  in  the 
ventilation  exhaust  stream  than  had  been  supplied  to  the  simulated  occupants. 
During  the  third  and  fourth  phases,  slightly  less  moisture  appeared  in  the  ex¬ 
haust  stream  than  was  supplied  to  the  simulated  occupants  during  these  phases. 
During  the  fifth  phase,  the  ventilation  air  stream  contained  slightly  more 
moisture  than  was  supplied  to  the  simulated  occupants. 

A  critical  examination  of  the  data  recorded  during  the  simulated  occu¬ 
pancy  test  and  of  climatic  conditions  in  the  Artesia,  New  Mexico,  area  was 
made  in  an  effort  to  support  the  results  obtained  as  tabulated  in  Table  III. 

Since  this  shelter  had  been  occupied  and  operated  as  a  school  for  one  season 
prior  to  the  test  program  and  since  the  environment  within  the  school  was 
maintained  in  the  comfort  range  during  these  periods,  a  comparison  of  the 
moisture  content  of  the  atmosphere  in  the  shelter  and  the  ambient  atmosphere 
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revealed  that  there  existed  a  higher  humidity  in  the  shelter  atmosphere  than 
in  the  ambient  atmosphere  which  would  tend  to  drive  vapor  into  the  pores  of 
the  surrounding  structure.  Since  the  earth  surrounding  the  structure  was 
relatively  cool,  there  existed  at  some  points  either  in  the  structure  or  in 
the  earth  adjacent  to  the  structure  a  point  where  this  moisture  changed  from 
the  vapor  state  to  a  liquid  state.  Thus,  over  a  period  of  18  months,  it  was 
possible  that  the  shelter  structure  had  absorbed  moisture  and  had  stored  it  in 
liquid  form  in  the  pores  of  the  structure.  When  the  simulated  occupancy  tests 
were  started,  typical  ambient  air  was  pumped  through  the  shelter  and  thereby 
introduced  an  atmosphere  within  the  shelter  which  had  a  lower  humidity  ratio 
than  that  which  existed  during  normal  school  room  operation,  resulting  in  a 
lower  vapor  pressure  within  the  structure  atmosphere.  Thus,  moisture  in  li¬ 
quid  form  which  had  been  stored  in  the  shelter  structure  would  tend  to  vaporize 
and  migrate  to  the  shelter  atmosphere  where  the  vapor  would  be  picked  up  and 
carried  to  the  exhaust  duct  by  the  ventilation  air  stream.  It  will  be  noted 
in  Table  III  that  as  the  ventilation  air  flows  varied  through  the  shelter,  the 
moisture  content  in  the  exhaust  air  stream  varied.  Thus,  the  variation  of 
ventilation  rate  had  an  effect  upon  the  ability  of  the  ventilation  air  to  ab¬ 
sorb  moisture  from  the  shelter  structure.  Furthermore,  the  quantity  of  moisture 
that  the  structure  could  contain  was  limited,  and  as  this  quantity  was  decreased, 
the  amount  that  it  would  contribute  was  decreased  until  conditions  within  the 
shelter  reached  a  point  which  was  sufficient  to  reverse  the  vapor  migration 
that  occurred  during  phases  one  and  two.  During  phases  three  and  four,  the 
air  flow  per  occupant  was  low  and  permitted  humidity  conditions  to  build-up 
in  the  shelter  space,  thereby  creating  conditions  conducive  to  moisture  migra¬ 
tion  into  the  shelter  structure  which  had  been  subjected  to  a  drying  cycle 
during  phases  one  and  two.  During  phase  five,  ventilation  air  was  supplied 
to  the  shelter  at  a  low  dry  bulb  temperature  and  low  dew  point  in  order  to 
simulate  supply  air  that  would  normally  be  introduced  into  the  shelter  from 
the  existing  air  conditioning  system.  Ventilation  air  supplied  in  this  manner 
had  a  lower  humidity  ratio  than  the  humidity  ratio  that  existed  during  phases 
three  and  four,  and  therefore,  set  up  a  condition  suitable  for  moisture  release 
from  the  shelter  structure  to  the  ventilation  air  passing  through  the  structure, 

A  material  balance  similar  to  those  previously  described  was  completed, 
using  data  recorded  during  the  test  of  the  200  man  shelter  at  Ft.  Belvoir  and 
the  1000  man  shelter  at  Ft.  Belvoir,  Virginia.  These  structures  were  construc¬ 
ted  for  experimental  protective  shelters  development  experimentation  and  are 
buildings  two  stories  in  height,  one  story  below  ground  and  one  story  above¬ 
ground.  Due  to  a  shortage  of  simocs  and  available  power  for  operating  the  simocs, 
simulated  occupancy  tests  were  conducted  on  the  lower  floor  in  both  of  t.iese 
structures  and  the  dry  bulb  temperature  of  the  upper  floor  of  both  structures  was 
controlled  so  as  to  follow  the  dry  bulb  temperature  that  existed  in  the  lower 
floor  for  the  duration  of  the  tests.  Thus,  heat  transfer  through  the  ceiling 
of  the  lower  floor  into  an  area  above  the  test  shelter  was  reduced  to  zero. 

The  temperatures  in  the  upper  stories  were  maintained  using  dry  heat  and  did 
not  contribute  to  the  moisture  loading  of  the  shelter.  These  structures  had 
been  completed  in  November,  1962,  and  air  conditioning  and  heating  equipment 
had  been  in  operation  for  almost  a  year  prior  to  the  date  of  the  simulated  oc¬ 
cupancy  tests.  Designed  conditions  for  environmental  control  in  the  shelters 
called  for  the  maintenance  of  a  78  degree  dry  bulb  temperature  and  a  relative 
humidity  of  fifty  par  cent.  Thus,  environmental  conditions  in  the  shelter 
atmosphere  had  been  maintained  in  such  a  manner  as  to  produce  a  humidity  ratio 
less  chan  the  normal  humidity  ratio  that  existed  In  the  ambient  air  surrounding 
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the  shelter.  This  situation  was  the  reverse  of  the  conditions  previously  de¬ 
scribed  for  the  Abo  School  which  was  located  in  desert  country  and  which  was 
maintained  at  environmental  conditions  that  brought  about  an  atmosphere  in  the 
shelter  with  a  humidity  ratio  higher  than  the  ambient  atmosphere  surrounding 
the  Abo  School.  Thus,  it  might  be  expected  that  the  Ft.  Belvoir  shelters  would 
react  in  a  manner  different  than  the  Abo  School  Shelter.  That  a  discrepancy 
with  respect  to  moisture  content  would  appear  in  the  exhaust  ventilation  air 
stream  indicates  that  all  of  the  water  going  into  the  shelter  atmosphere  in 
the  form  of  vapor  released  by  the  simulated  occupants  would  not  appear  in  the 
exhaust  ventilation  air.  References  to  Table  III  indicates  that  this  is  ex¬ 
actly  what  was  taking  place.  The  200  man  shelter  data  indicated  a  deficiency 
of  344  pounds  of  moisture  the  first  day,  this  value  decreased  until  the  final 
phase  when  192  pounds  per  day  was  absorbed  by  the  shelter.  A  similar  moisture 
loss  occurred  in  the  1000  man  shelter.  Observers  on  the  scene  of  these  tests 
reported  a  change  in  color  of  the  walls  of  the  shelters  as  the  test  progressed 
and  some  condensation  was  noted  in  the  toilet  area  of  the  200  man  shelter.  An 
attempt  was  made  to  seal  off  the  toilet  area  of  the  200  man  shelter  in  an  ef¬ 
fort  to  prevent  this  condensation  from  forming.  It  is  considered  that  the  con¬ 
densation  forming  in  this  one  area  was  not  sufficient  to  bring  about  the  dis¬ 
crepancies  shown  in  the  moisture  balances  in  Table  III  for  the  200  man  shelter. 
It  was  conclude^  hat  the  Abo  School  was  giving  up  moisture  in  the  air  and 
that  the  Ft.  Bel’"  ir  shelters  were  absorbing  moisture  from  the  air. 

The  underground  concrete  shelter  at  Lakeside,  California  had  been  unoccu¬ 
pied  for  at  least  two  years  prior  to  starting  the  test  program.  Not  only  had 
it  been  unoccupied,  but  one  end  of  the  shelter  had  been  open  to  ambient  condi¬ 
tions  in  such  a  manner  that  the  atmosphere  within  the  structure  had  had  an 
opportunity  to  stabilize  with  the  atmospheric  conditions  surrounding  the  shel¬ 
ter.  Therefore,  when  this  shelter  was  ventilated  with  ambient  air,  it  would 
be  expected  to  neither  absorb  nor  give  off  any  great  quantity  of  moisture  to 
the  ventilation  air.  With  the  exception  of  the  final  test  phase,  this  struc¬ 
ture  followed  the  expected  pattern.  No  satisfactory  explanation  as  to  why 
350  pounds  of  moisture  were  gained  by  the  ventilation  air  during  this  final 
phase  has  been  achieved.  It  is  possible  that  a  thin  film  of  condensation  had 
formed  on  the  walls  of  the  shelter  during  test  three  and  were  re-evaporated 
during  phase  four.  No  test  record  indicates  that  any  condensation  formed 
during  any  phase  of  this  test,  but  it  might  be  possible  that  the  amount  of 
condensation  formed  during  phase  three  did  not  reach  a  point  where  it  was  de¬ 
tected  by  the  observers  at  the  test  site. 

Since  the  latent  load  due  to  moisture  produced  by  shelter  occupants  is 
an  important  factor  in  the  environrawtal  control  of  a  shelter  and  since  the 
type  of  structure,  the  geographic  location,  climatic  conditions  surrounding 
the  shelter,  and  the  prior  use  of  the  shelter  seem  to  effect  the  behavior  of 
the  moisture  load,  it  is  considered  pertinent  to  recommend  that  additional 
study  be  given  this  problem.  It  is  also  recoamnded  that  during  the  study, 
particular  attention  be  paid  to  temperature  variations  in  the  walls  during 
the  time  that  these  studies  are  conducted  since  the  absorption  of  moisture 
by  a  wall  accompanied  by  a  phase  change  from  vapor  to  liquid  could  cause  an 
Increase  m  temperature  of  the  wall  which  would  be  detrimental  to  the  overall 
environment  within  the  shelter.  Whereas,  the  vaporisation  of  moisture  stored 
in  a  wall  might  add  to  the  moisture  load  that  the  ventilation  air  would  need 
to  remove  from  the  shelter;  it  could  bring  about  a  reduction  in  temperature  of 
the  wall  that  would  be  beneficial  to  the  overall  environment  of  the  shelter. 
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The  amount  of  data  collected  during  this  test  program  which  were  suitable  for 
analyzing  on  the  basis  of  a  moisture  balance  was  limited.  However,  it  points 
to  considerations  that  could  have  an  effect  on  shelter  environment  and  as  such 
merits  further  investigation. 
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CONCLUSIONS 


1.  A  review  of  the  rates  of  ventilation  air  supplied  to  test  shelters  and  the 
resulting  effective  temperatures  in  these  shelters,  as  listed  in  the  25  sum¬ 
maries  covering  tests  conducted  under  this  contract  (see  summary  section  of 
this  report),  indicates  that  the  3  cfm  per  occupant  of  ventilation  air  neeced 
for  control  of  the  chemical  constituents  in  the  shelter  atmosphere  are  not 
always  adequate  for  the  control  of  the  thermal  environments  in  shelters  of 
the  type  tested.  These  tests  were  conducted,  assuming  that  an  effective 
temperature  of  85°  F  is  the  upper  tolerance  limit  for  human  beings  and  fur¬ 
ther  assuming  that  protection  must  be  afforded  during  typical  summer  cli¬ 
matic  conditions  existing  in  the  ambient  atmosphere  surrounding  the  shelter. 

A  review  of  the  25  tests  conducted  under  this  contract  reveals  that,  except¬ 
ing  the  winter  tests,  in  only  two  cases  did  the  quantity  of  air  needed  to 
control  the  chemical  environment  also  satisfy  the  conditions  imposed  on  the 
shelter  by  the  occupants  with  respect  to  the  thermal  environment. 

In  shelters  that  were  tested  under  winter  conditions,  it  was  found  that  it 
was  possible  to  operate  these  shelters  from  a  thermal  environmental  stand¬ 
point  under  "buttoned  up"  conditions  (no  ventilation  air,  all  openings 
closed)  without  any  ventilation  air.  Such  operations,  in  certain  climates, 
might  be  desirable  from  the  standpoint  of  increasing  the  shelter  effective 
temperature  to  a  more  comfortable  level.  However,  in  such  cases,  there 
would  be  a  need  to  maintain  oxygen  in  quantities  sufficient  to  support  the 
human  metabolic  process  and  to  limit  the  build-up  of  carbon  dioxide  to  a 
point  where  psychological  and  physiological  reactions  of  the  shelter  occu¬ 
pant  would  not  be  adversely  affected.  Therefore,  the  chemical  atmosphere 
must  be  controlled  with  a  minimum  ventilation  rate  of  3  cfm  per  occupant  or 
a  life  support  system  which  would  supply  oxygen  and  absorb  carbon  dioxide. 

Since,  in  most  cases,  during  summer  occupancy,  3  cfm  per  occupant  of  venti¬ 
lation  air  was  not  sufficient  to  satisfy  the  thermal  loads  imposed  by  the 
occupants  in  the  shelter,  consideration  was  given  as  to  the  quantity  of 
ventilation  air  that  would  be  needed  to  control  the  thermal  environment  to 
a  maximum  of  85°  F  effective  temperature.  To  this  end,  a  series  of  curves 
has  been  developed,  covering  the  various  localities  where  simulated  occu¬ 
pancy  tests  were  conducted  and  which  can  be  used  tc  predict  the  ventilation 
air  flow  rates  necessary  to  maintain  certain  effective  temperatures  wit.hin 
the  test  shelter.  These  curves  are  based  on  the  assumption  that  the  air  used 
to  ventilate  the  structures  would  be  r  ailable  at  effective  temperatures  sim¬ 
ilar  to  those  recorded  in  past  weather  bureau  records  for  the  test  locality 
and  that  the  earth  surrounding  the  shelters  did  not  receive  heat  from  the 
shelters  or  contribute  heat  to  the  shelters.  Thus,  these  curves  may  be 
classed  as  adiabatic  ventilation  rate  curves,  and  as  such  are  subject  to 
one  major  limitation.  This  limitation  is  that,  irrespective  of  the  amount 
of  air  used  to  ventilate  a  shelter,  the  effective  temperature  within  the 
shelter  can  approach,  but  will  always  be  greater  than,  the  effective  temper¬ 
ature  of  the  supply  ventilation  air.  Since  climatic  conditions  that  exist 
in  the  locality  from  which  the  supply  ventilation  air  is  drawn  control  the 
ventilation  air  temperature  and  moisture  content,  this  means  that  under  adi¬ 
abatic  conditions,  the  shelter  atmosphere  must  always  be  somewhat  higher  as 
to  temperature  and  moisture  content  than  the  ambient  atmosphere.  After  ex¬ 
amining  the  adiabatic  curves  (see  summary  section  of  this  report)  which  were 
developed  for  the  various  geographic  locations  where  simulated  occupancy 
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tests  were  conducted,  it  will  be  noted  that,  in  most  cases,  where  actual 
test  results  have  been  plotted,  along  with  the  theoretical  adiabatic  curves, 
the  soil  surrounding  the  shelter  was  able  to  absorb  an  appreciable  percent¬ 
age  of  the  total  neat  released  within  the  shelter.  One  exception  to  this 
general  pattern  was  the  St.  Louis  Command  Post  in  St.  Louis,  Missouri.  This 
exception  will  be  covered  in  part  two  of  conclusions. 

Using  the  adiabatic  ventilation  rate  curves  as  a  basis  for  the  design  of 
the  shelter  ventilation  system  would  result,  in  most  cases,  in  the  selec¬ 
tion  of  over-sire  equipment.  These  curves  are  not  intended  to  be  used  as 
design  criteria  but  rather  as  a  guideline  to  aid  the  designer  in  evaluat¬ 
ing  and  judging  the  capabilities  of  a  shelter's  ventilation  system.  They 
do,  however,  point  out  the  need  for  more  than  the  3  cfm  per  occupant  of 
ventilation  air  required  for  chemical  control  of  the  shelter  atmosphere 
if  thermal  control  cf  the  shelter's  atmosphere  is  to  be  obtained. 

2.  Test  data  taken  during  simulated  occupancy  tests  in  shelters  which  had 

been  subject  to  prior  use,  whether  as  shelters,  office  buildings,  schools, 
etc.,  when  compared  with  shelters  that  had  not  been  previously  occupied  in¬ 
dicates  that  the  dual  use  of  shelters  is  detrimental  to  the  ability  of  the 
shelter  to  perform  thermally  when  loaded  and  used  as  a  survival  shelter. 

This  condition  is  attributed  to  the  fact  that  the  earth  surrounding  the 
shelter  may  be  capable  c  absorbing  heat  released  in  the  shelter.  If  the 
heat  in  the  shelter  is  released  prior  to  using  the  structure  as  a  survival 
shelter,  then  the  earth  surrounding  che  shelter  may  be  elevated  in  temper¬ 
ature  and  the  ability  of  the  surrounding  earth* to  store  heat  released  by 
shelter  occupants  will  be  either  reduced  or  eliminated.  Under  such  condi¬ 
tions,  the  actual  shelter  environmental  response  would  follow  an  adiabatic 
relationship  as  discussed  in  the  previous  section  and  sufficient  air  must 
be  provided  for  ventilating  the  shelter  to  assure  environmental  control. 
Therefore,  shelters  serving  dual  purposes  are  not  as  effective  in  dissipat¬ 
ing  heat  as  are  shelter  areas  which  are  to  be  used  only  during  an  emergency, 
in  cases  such  as  the  St.  Louis  Command  Post  where  large  quantities  of  sen¬ 
sible  heat  are  released  by  communication  equipment,  the  problem  becomes 
even  more  acute.  Air  conditioning  of  shelter  space  is  not  a  solution  for 
this  problem  since  air  conditioning  systems  should  create  a  shelter  dry 
bulb  temperature  that  would  be  in  the  comfort  zone.  This  temperature  is 
normally  higher  than  the  temperature  of  the  surrounding  undisturbed  earth. 
Thus,  surrounding  earth  temperatures  will  subsequently  be  raised  until 
they  are  in  equilibrium  vi th  the  shelter.  When  this  occurs,  much  of  the 
advantage  of  having  the  potential  to  transfer  heat  through  the  shelter  walls 
is  lost  should  the  air  conditioning  system  for  any  reason  become  inoperative. 

If  adequate  protection  is  to  be  achieved  in  shelters  which  are  air  condi¬ 
tioned,  spare  parts,  refrigerant,  and  a  dependable  auxiliary  power  supply 
should  be  provided,  and  personnel  should  be  trained  to  service  the  air 
conditioning  equipment  and  auxiliary  power  system.  The  bast  solution  from 
a  shelter  environmental  standpoint  would  be  to  limit  the  use  of  the  shel¬ 
ters  to  the  status  of  stand-by  survival  shelters  and  to  permit  only  the 
most  necessary  activity  in  the  shelter.  The  operation  of  any  environmental 
control  equipment  should  be  limited  to  periodic  testing  of  the  equipment 
from  an  operational  standpoint.  Thus,  the  structure  of  the  shelter  and 
tho  earth  surrounding  the  shelter  would  have  the  capacity  for  heat  storage 
in  the  event  that  the  shelter  is  placed  in  use  during  an  emergency. 
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3.  Several  raeuns  of  controlling  shelter  environment  were  tested  in  addition 

to  the  use  of  ambient  ventilation  air.  These  means  will  be  discussed  in 

their  order  of  effectiveness. 

(a)  Water  was  pumped  from  a  non-thermal  well  from  a  depth  of  approximately 
30  feet  and  was  passed  through  a  finned  serpentine  coil  located  in 
the  shelter  space.  A  circulating  fan  was  used  to  move  air  from  the 
shelter  space  across  this  coil  in  a  flow  pattern  counter  to  the  direc¬ 
tion  that  the  water  was  flowing.  Two  tests  (under  typical  summer 
conditions)  of  this  type  were  conducted  in  Gainesville,  Florida,  using 
the  Napier  and  Broyles  Shelters.  Florida  was  selected  for  testing  the 
ability  of  ground  water  to  be  used  as  a  cooling  media  since  the  ground 
water  temperature  from  non-thermal  wells  in  Florida  is  approximately 
72°  F.  It  was  assumed  that  if  satisfactory  results  could  be  obtained 
using  well  water  as  a  coolant  in  Florida,  that  even  better  results 
could  be  achieved  in  other  localities,  since  ground  water  temperatures 
decrease  in  geographic  locations  north  of  the  Gainesville,  Florida, 
latitude.  Results  obtained  from  both  tests  were  satisfactory.  In  the 
case  of  the  Broyles  Shelter,  conditions  were  maintained  in  the  comfort 
zone  for  a  48  hour  period  with  the  shelter  loaded  on  the  basis  of  one 
occupant  for  each  10  square  feet  of  floor  area.  In  the  case  of  the 
Napier  Shelter,  environmental  conditions  were  greatly  improved  and 
approximately  one-half  of  the  heat  released  by  the  simulated  occupants 
was  absorbed  by  the  water  passing  through  the  coil.  Additional  coil 
capacity,  accompanied  by  additional  water  flow,  could  have  handled  the 
entire  heat  load  in  the  Napier  Shelter.  Each  pound  of  water,  passing 
through  the  water  coil  absorbed  approximately  3.5  Btu  from  the  shelter 
atmosphere,  and  the  total  work  input  was  approximately  one- third  the 
amount  of  energy  that  would  have  been  expended  for  a  like  heat  removal 
using  a  conventional  air  conditioning  system.  The  use  of  ground  water, 
as  a  cooling  agent,  would  be  limited  by  two  factors,  one,  the  tempera¬ 
ture  of  the  available  wate-1-,  and  two,  the  depth  from  which  such  water 
would  need  to  be  pumped ,  A  depth  of  approximately  100  feet  would  be 
the  maximum  distance  that  water  could  be  pumped,  since  from  a  power 
consumption  consideration  at  depths  greater  than  100  feet,  it  would  be 
cheaper  to  use  a  conventional  air  conditioning  system.  The  use  of 
ground  water  has  certain  advantages,  the  simplicity  of  the  system,  the 
absence  of  special  refrigerants,  the  lack  of  special  tools  for  main¬ 
taining  such  a  system,  and  the  fact  that  wat-c  from  such  a  source 
could  be  used  for  drinking  and  sanitary  purposes. 

It  is  concluded  that  in  localities  where  an  abundant  supply  of  cool 
water  (72°  F  and  lower)  is  available  at  depths  of  from  30  to  100  feet, 
such  wafer  can  be  satisfactorily  used  for  shelter  environmental  control. 

(b)  In  localities  where  the  relative  humidity  of  the  ambient  atmosphere 

is  low,  air  coolers,  using  the  evaporation  of  water,  have  been  employed 
for  environmental  control  in  buildings  frr  c  number  of  years.  These 
devices  are  commonly  referred  to  as  "desert  coolers."  Such  a  device 
was  tested  in  two  instances  during  the  test  program,  covered  by  this 
contract.  One  test  was  conducted  on  the  utility  tunnel  in  Tucson, 
Arizona,  and  another  in  the  German  Shelters  at  Mercury,  Nevada.  Both 
of  these  tests  indicated  that  environmental  conditions  could  be  im¬ 
proved  in  shelters  by  using  a  "desert  cooler"  to  condition  the  sheltej: 


192  - 


ventilation  air.  However,  this  device,  in  order  to  operate  effec¬ 
tively,  requires  that  a  relatively  large  volume  of  air  flow  across 
a  wet  surface  and  requires  some  means  of  supplying  water  to  this 
surface.  The  power  requirements  for  operation  of  such  a  device 
would  probably  be  beyond  the  muscular  capacity  of  shelter  occupants 
in  the  event  that  electric  service  to  the  shelter  should  become 
inoperative. 

(c)  While  no  performance  tests  were  conducted  using  mechanical  refrigera¬ 
tion  devices  in  the  form  of  air  conditioning  systems,  it  was  concluded 
that  such  systems,  when  properly  installed,  could  bring  about  environ¬ 
mental  control  in  shelters.  Such  devices  have  been  tested  by  manufac¬ 
turers  of  such  equipment,  and  their  performance  characteristics  are 
available  to  the  general  public.  For  this  reason,  a  test  program  was 
not  conducted.  In  most  localities,  a  heat  removal  rate  of  12,000  Btu 
per  hour  (one  ton  of  refrigeration)  can  be  obtained  for  an  expenditure 
of  one  horsepower  hour  of  energy  with  an  electrical  input  of  approxi¬ 
mately  one  kilowatt  hour.  Twenty  occupants  of  a  shelter,  each  releas¬ 
ing  400  Btu  per  hour,  would  release  a  total  of  8,000  Btu  per  hour.  If 
such  a  shelter  were  equipped  with  a  one  ton  air  conditioner,  the  heat 
released  by  the  occupants  could  be  removed  from  the  shelter  and  some 
capacity  for  removing  the  heat  released  by  necessary  mechanical  equip¬ 
ment  in  a  shelter  would  be  provided.  Thuc .  an  electrical  capacity  of 
at  least  one  kilowatt  would  need  to  be  provided  for  climatic  control 
for  each  20  occupants  of  a  shelter.  Such  a  power  requirement  is  far 
above  the  power  capacity  of  human  beings  using  muscular  effort  and 
would  require  dependable  power  service  from  a  public  utility,  supported 
by  some  type  of  auxiliary  power  system. 

(d)  The  use  of  desiccants  for  absorbing  water  vaper  from  the  shelter  at¬ 
mosphere  was  investigated.  The  most  common  desiccant  is  calcium 
chloride  which  has  the  ability  to  absorb  approximately  three  pounds 
of  water  for  each  pound  of  dry  calcium  chloride.  Experiments  con¬ 
ducted  with  calcium  chloride  indicated  that  the  relative  humidity 
within  a  shelter  could  be  lowered  by  the  use  of  this  material.  How¬ 
ever,  the  effective  temperature  within  the  shelter  was  adversely  af¬ 
fected  when  the  relative  humidity  was  lowered,  since  the  heat  of 
reaction  for  this  chemical  and  the  latent  heat  of  vaporization  of 
moisture  condensed  were  released  in  the  shelter  atmosphere  and  increased 
the  dry  bulb  temperature  at  a  rate  sufficient  to  have  a  detrimental 
effect  on  the  shelter  effective  temperature.  In  a  companion  study, 
mechanically  operated  refrigeration-type  dehumidifiers  brought  about 

an  increase  in  the  effective  temperatures  when  used  to  lower  the  shel¬ 
ter  relative  humidity.  The  power  input  to  drive  the  dehumidifier  and 
the  latent  heat  of  vaporization  of  the  condensed  moisture  were  released 
to  the  shelter  atmosphere  in  the  form  of  sensible  heat  by  the  dehumid¬ 
ifier  condenser  and  brought  ^bout  an  increase  in  the  effective  temper¬ 
ature  of  the  shelter  atmosphere. 

It  was  concluded  that  devices  (mechanical  or  chemical)  which  will 
cause  a  phase  change  from  vapor  to  moisture  must  be  located  and  ar¬ 
ranged  in  such  a  manner  that  they  release  the  energy  required  for 
the  operation  of  the  device  plus  the  energy  related  to  the  latent 
heat  load  to  a  point  outside  the  shelter  atmosphere;  if  this  is  not 
the  case,  the  device  will  be  detrimental  rather  than  beneficial. 
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(e)  Under  emergency  conditions,  the  only  power  available  for  the  opera¬ 
tion  of  mechanical  equipment  within  a  shelter  may  need  to  originate 
with  the  muscular  effort  of  the  shelter  occupants.  The  muscular  ac¬ 
tivity  for  a  healthy  male  is  limited  to  approximately  one- tenth  of  a 
horsepower  for  a  two  hour  period.  Therefore,  it  is  necessary  to  con¬ 
serve  the  energy  available  from  the  shelter  occupants  and  install 
efficient  machinery  in  cases  where  the  shelters  are  to  be  ventilated 
by  some  means  of  mechanical  devices,  such  as  fans  and  blowers.  A  study 
of  the  operational  characteristics  of  such  devices  reveals  that  most 
fans  and  blowers  have  a  relatively  high  efficiency  (70  to  80  per  cent) 
when  operated  within  the  range  of  30  to  40  per  cent  of  their  rated 
capacity. 

It  was  concluded  that  ventilation  devices  in  the  form  of  blowers  and 
fans  should  be  installed  in  shelters  equipped  with  auxiliary  drive 
mechanisms  suitable  fo’-  muscular  operation  and  that  such  equipment 
should  permit  the  occupants*  leg  muscles  to  be  used  as  a  means  for 
operating  the  device.  It  was  also  concluded  that  fens  and  blowers 
should  be  selected  and  operated  on  the  basis  of  overall  efficiency 
rather  than  on  the  basis  cf  maximum  capacity. 

4.  It  was  concluded  that  the  effective  temperature  of  the  shelter  interior  was 
related  to  the  effective  temperature  of  the  air  above  and  the  temperature 
of  the  earth  surrounding  the  shelter,  k  mathematical  relationship  was  de¬ 
veloped  which  can  be  used  to  predict  the  effective  temperature  in  a  gi^en 
shelter  under  occupied  conditions  for  a  selected  period  of  occupancy.  This 
mathematical  relationship  is  based  on  a  knowledge  of  weather  bureau  data 
taken  over  a  period  of  years  in  the  area  where  the  shelter  is  to  be  located, 
coupled  with  a  knowledge  of  the  expected  ground  temperatures  at  a  level  in 
the  vicinity  of  the  midpoint  of  the  walls  of  the  shelter  under  considera¬ 
tion.  For  a  more  complete  description  of  this  relationship,  see  the  sec¬ 
tion  of  this  report  entitled,  "Development  of  a  Parametric  Relationship." 

5.  A  review  of  the  data  taken  with  respect  to  the  moisture  content  of  the 
earth  surrounding  the  previously  described  test  shelters  indicated  that  the 
moisture  content  of  the  surrounding  earth  varied  from  a  low  of  approximately 
three  per  cent  by  weight  to  a  high  of  approximately  36  per  cent  by  weight. 
When  this  moisture  content  was  related  to  the  type  of  earth  associated  with 
a  particular  percentage  of  moisture  and  reviewed  with  respect  to  the  man¬ 
ner  in  which  such  moisture  variation  affected  the  thermal  conductivity  of 
the  earth,  it  was  found  that  the  variation  in  thermal  conductivity  for  the 
25  test  sites  was  approximately  between  0.45  and  0.96  Btu  per  hour  per 
square  foot  per  foot  of  thickness.  Thus,  it  was  concluded  that  over  a  wide 
geographical  range,  the  thermal  conductivity  for  earth  surrounding  the  shel¬ 
ter  constitutes  a  relatively  minor  variable  in  the  overall  problem  of  heat 
transfer  from  shelter  to  soil. 

b.  On  the  basis  of  information  obtained  during  a  full  scale  fire  test  conducted 
above  an  underground  shelter  during  a  simulated  occupancy  test,  it  was  con¬ 
cluded  that  if  sufficient  earth  cover  is  present  to  afford  radiation  protec¬ 
tion,  there  is  little  likelihood  of  the  shelter  atmosphere  being  thermally 
disturbed  as  a  result  of  a  fire  storm  above  an  underground  shelter.  How¬ 
ever,  fire  storms  do  create  sources  of  carbon  monoxide  which  could  contami¬ 
nate  the  shelter  supply  ventiLation  air  stream,  and,  in  the  previously 
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described  fire  storm  test,  did  generate  sufficient  quantities  of  carbon  mon-  j 

oxide  to  bring  about  toxic  conditions  within  the  shelter  space.  For  this 
reason,  unless  ventilation  air  can  be  drawn  from  an  area  far  removed  from 
the  fire  area,  it  would  be  necessary  to  operate  the  shelter  under  "buttoned 
up"  conditions  during  the  time  the  fire  storm  was  in  progress.  Operating 
the  shelter  under  "buttoned  up"  conditions  would  create  two  problems.  The  j 

metabolic  process  of  the  occupants  would  generate  and  release  carbon  di¬ 
oxide  in  quantities  sufficient  to  contaminate  the  shelter  atmosphere  from 
•a  chemical  standpoint,  as  well  as  sensible  and  latent  heat  which  would  tend’ 
to  increase  the  effective  temperature  of  the  shelter  space.  During  this 
"buttoned  up"  period,  the  thermal  capacity  of  the  shelter  structure  and  the 
ground  surrounding  the  shelter  would  need  to  be  sufficient  to  absorb  the 
heat  released  by  the  occupants.  The  chemical  atmosphere  would  need  to  be 
controlled  by  a  life  support  system  as  previously  described. 

7.  It  was  concluded  that  the  following  items  are  in  need  of  further  study  be¬ 
fore  meaningful  conclusions  can  be  drawn: 

(a)  The  ability  of  certain  structures  to  absorb  and  dissipate  moisture, 

when  subjected  to  simulated  occupancy  conditions,  needs  further  in-  j 

vestigation  under  controlled  experimental  conditions  to  determine  the 
quantities  of  moisture  that  can  be  stored  and  removed  from  such  struc¬ 
tures  and  to  determine  the  effect  that  such  storage  and  removal  would 
have  upon  the  shelter  effective  temperature. 

(b)  In  testing  the  German  Shelters  at  Mercury,  Nevada,  it  was  noted  that 
a  temperature  drop  of  approximately  15°  F  occurred  in  the  ventilation 
air  as  it  passed  through  an  underground  concrete  conduit  used  to  route 
the  ventilation  air  inco  the  shelter.  This  drop  in  temperature  de¬ 
creased  as  the  test  progressed,  but  at  the  end  of  14  days,  there  was 
still  a  reduction  in  the  temperatures  of  the  ventilation  air  stream  of 
approximately  4°  F  as  it  flowed  through  this  conduit.  Thus,  it  would 
appear  that  in  regions  where  soil  temperatures  are  moderate,  the  loca¬ 
tion  of  supply  air  ducts  below  ground  might  serve  the  purpose  of  remov¬ 
ing  sensible  heat  from  the  ventilation  air  and  could  have  the  additional 
advantage  of  drawing  from  an  area  remote  from  possible  fire  sources. 

Such  a  procedure  requires  testing  under  conditions  where  variables  can 
be  controlled  and  results  accurately  evaluated. 

(c)  Since  climatic  conditions  from  approximately  2200  hours  to  0600  hours 

are  always  the  most  favorable  conditions  with  respect  to  ventilation 
air  temperature,  it  is  recommended  that  a  series  of  tests  be  performed 
whereby  the  activities  of  shelter  occupants  are  regulated  to  coincide 
with  these  periods  so  that  a  maximum  of  activity  occurs  during  the 
coolest  portion  of  the  diurnal  cycle.  In  conjunction  with  these  tests, 
a  study  should  be  made  of  the  effects  of  supplying  maximum  quantities 
of  ventilation  air  during  these  more  favorable  diurnal  cycle  periods 
and  supply  minimum  quantities  of  ventilation  air  during  the  less  favor¬ 
able  portion  of  the  diurnal  cycle.  Such  tests  would  need  to  be  con¬ 
ducted  under  controlled  conditions  whereby  the  variation  in  activity  1 

and  the  variation  in  air  flow  could  be  properly  evaluated  to  determine 

the  respective  effect  on  shelter  environment.  ■ 

i 

(d)  During  the  25  previously  described  simulated  occupancy  tests,  ventlla-  5 

tion  air  was  supplied  and  exhausted  either  through  existing  facilities 
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or  through  the  most  expedient  facilities.  It  is  recommended  that  a 
study  be  made  to  determine  optimum  means  of  supplying,  routing,  and 
exhausting  ventilation  air  to,  through,  and  from  a  shelter  and  that 
such  a  program  contain  sufficient  alternate  methods  so  that  evalu¬ 
ation  of  the  effect  on  shelter  environment  for  each  method  may  be 
examined . 

(e)  Due  to  th*  limitations  of  the  climatic  control  equipment  in  the  mobile 
shelter  test  laboratories,  it  was  necessary  at  times  to  simulate  a 
portion  of  the  occupant  heat  and  moisture  load  on  the  shelter  in  the 
form  of  moisture  evaporation  and  sensible  heat  released  at  the  point 
of  origin  for  the  shelter  ventilation  air.  No  discontinuities  in 
test  results  were  noted  when  tests  were  conducted  in  this  manner. 

Thus,  the  question  was  raised  as  to  whether  simulated  occupants  were 
necessary  in  order  to  test  shelters.  During  one  phase  of  a  simulated 
occupancy  test  conducted  at  Lakeside,  California,  no  simulated  occu¬ 
pants  were  used;  instead,  moisture  and  sensible  heat  in  amounts  equiv¬ 
alent  to  that  which  would  have  been  produced  by  human  occupants  were 
added  to  the  ventilation  air  as  it  entered  the  shelter.  After  this 
phase  had  operated  for  a  period  of  24  hours,  simulated  occupants,  re¬ 
leasing  the  same  amount  of  sensible  heat  and  moisture,  were  placed  in 
operation  in  the  shelter.  The  test  results  for  the  duration  of  this 
phase  were  compared  and  found  to  be  coincident  within  the  limit  of 
experimental  error.  Therefore,  it  is  recommended  that  a  test  program 
be  developed  to  evaluate  the  merits  of  releasing  sensible  heat  and 
moisture  to  simulate  the  sensible  and  latent  heat  load  of  shelter  oc¬ 
cupants  at  the  point  of  origin  of  the  ventilation  air.  These  tests 
should  be  conducted  under  various  climatic  and  geographic  conditions 
in  order  to  evaluate  the  validity  of  this  procedure.  Such  a  test 
procedure  if  feasible  would  serve  to  facilitate  future  test  programs 
and  make  them  more  economical. 

vf)  Of  the  25  shelters  tested  in  the  previously  described  section  of  this 
report,  one  shelter  was  tested  using  live  cattle  as  occupants.  Since 
the  metabolic  requirements  for  animals  is  a  function  of  the  weight  of 
the  animal,  and  since  a  majority  of  our  food  producing  animals  weigh 
more  than  human  beings,  it  is  recommended  that  certain  air  flow  rates 
be  established  for  these  animals  by  experimental  means  using  either 
real  animals  or  simulated  heat  releasing  rates  similar  to  those  em¬ 
ployed  in  the  previously  described  test  program. 
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APPENDIX 


Summerlin  Family  Shelter 
Gainesville,  Florida 
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-1200  •  Saptaabat  4, 

1962  -1100 
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Sapcaabar  4,  1962  -  1200  -  S.ptaabor  S,  1962  -  1100 
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Saptaabar  S.  1962  -  1200  -  Saptaabar  6,  1962  -  1100 
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Saptaabar  6.  1962  -1200  -  Saptaabar  ?,  1962  -1100 
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Saptaabar  9.  1962  -1200  -  Saptaabar  10,  1962  -1100 
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CENTRAL  STORES  "DESIGNATED  AREA”  SHELTER 


GAINESVILLE,  FLORIDA 


Uftmbmt  16,  1962  -14V  -  Svnrwbtr  15,  1962  *1300 

1  66.0  2  88.9  3  90.0  k  83.7  3  89.4  6  90.6  7  90.:  8  87.7 

9  83.6  10  86.6  11  89.3  12  88.9  13  88.7 

S«pc«ab«r  15,  1962  -1600  -  S«ptmb«r  16.  1962  -1300 

1  86.0  2  90.6  3  91.3  6  87.6  3  91  3  6  92.0  7  92.6  8  91.7 

9  86.9  10  86.8  11  90.0  12  89.8  13  89,8 

S*p'«nb«r  16.  1962  -1600  -  Svptiabcr  17.  1962  -1300 

1  85.9  2  91.0  3  91.5  6  87.7  3  91.6  6  92.1  7  92.6  8  93.6 

9  85.3  10  86.8  11  90.5  12  90.3  13  90.6 

S«pt«*«r  17,  1962  -1600  -  18.  1962  -1300 

1  86.5  2  91.2  3  92.8  6  89.2  5  92.1  6  92.9  7  92.7  8  91.7 

9  86.1  10  86.1  ll  90.9  12  91.1  13  91.2 

S«ptMb«r  18,  1962  -1600  -  S«pt«*«r  19,  1962  -1300 

l  87.1  2  91.5  3  93.2  6  89.5  5  92.2  6  93.2  7  92.8  8  91.5 

9  85.5  10  83.6  11  91.0  1?  91.0  13  91.2 

S«pc«a6«r  19,  1962  -1600  -  S«pt«nb«r  20,  1962  -1300 

l  85.9  2  90.3  3  91.8  6  89.1  5  91.6  6  62.2  7  91.8  8  60.7 

9  82.5  10  82.4  11  90.0  12  89.6  13  89.6 

Stpt«*>«r  20,  .962  -1600  -  S*pt4*b*r  21.  1962  -1300 

1  86.7  2  88.3  3  40.0  6  87.6  3  89.1  6  89.9  7  8?.  9  8  88.? 

9  78.8  10  78.6  11  8?. 2  12  86.6  13  8fc. 6 

Stptaabtr  21,  1962  -1600  -  3«pt«ab«r  22,  1962  -1300 

1  86.3  2  83.8  ]  15.9  6  86.6  3  86.1  6  87.2  7  87.0  8  86.6 

9  77.3  10  77.6  11  83.1  12  42,8  13  79.3 

S*ftw*«r  2*.  1962  -1600  S«ptw*«r  23,  196}  -1300 

1  83.6  1  86.8  3  86.7  6  13. 0  3  87.3  6  U.T  ?  88.3  8  84  1 

9  78.8  10  78.7  11  84.0  12  86.7  13  85.0 

8«pt«ab«r  11,  1962  -1600  -  8«pt«Bt«v  26,  19«2  -1300 

1  86.3  >  84  I  3  81.)  6  83.)  1  87.6  •  M  l  7  89.3  8  H6  0 

9  71.0  10  76.9  11  46.9  11  83  3  13  83.9 

S«ptaafc«r  16,  t««2  -1600  -  S«ptMt«r  25,  1461  -1600 

2  83?  1  87  3 

79.1  II  85.3 


46.0 
74  0 


10 


6  *32  3  84  1 

12  *61  13  *74 


4  87.4 


*7.4  S  81.3 


Model  Community  Shelter  (Winter  Test) 
Reading,  Pennsylvania 
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Cattle  Shelter,  (Roberts  Dairy) 
Omaha,  Nebraska 
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Lincoln  Community  Shelter 
Lincoln,  Nebraska 
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Expedient,  Naturally  Ventilated  Shelter 
Protective  Structures  Development  Center 
Fort  Belvoir,  Virginia 
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Mercury,  Nevada 


JUl  i4»  1964  _  Jut  20.1964 

;  2  54 .42  3  >#0.77  4  C.  42.45  6  '75.71  "7  ~!2.l9  I  81.67’ ”2  52.90  3  90.00  4  6  "  5~  iV.ll  i  '  ff.4l  7  43.92 

8  .‘6. 83  y  79.77  10  72.77  11  81.48  U  8V. 4o  13  81  ,2T  14  82.94  {  /6.2S  y  81.85  10  74.98  11  83.00  1*  81.  JJ  li  82.98  1*  *2.79 

ik  tf7iO{r~T5  87.rr~n  a  rrr^  r«  n.w  rr~io.M  ~7?~  n.TiTk  — n — jttw — n — irrrr — rv“T3Tn  nr  11  ;mj — n  rmv 

12  a  1.40  23  82.88  24  85.S0  25  83.50  26  87.1  7  27  76.71  28  73.17  22  83.79  23  84.67  24  76.46  25  85.54  26  84.44  27  79.69  28  76.21 

.*  71.42  30  ?J .  1 )  31  64.02  3?  64.23  33  79.33  36  71.06  Sr  72V<*  .9  74.73  30  71.13  31  71.68  j?  70.  ii  33  41.36  3*  48.44  33  75.04 

»6  69.00  37  67.1V  38  66.02  39  64.98  40  64.25  4i  »8.B1  42  69.90  )6  71.79  37  69.92  38  68.77  39  67.60  40  66.63  41  t9.S6  *2  71.29 

43  72.65  44  bt.  48  45  64.88  46  64.23  47  67.77  44~  47.2V  4«  W.13  43  >6.75  44  73.52  45  69.77  46  6i.9i  47  44.57  4*  4T.94  49  77.44 


H  fi.Hi  U  TO.ll  M  U.M  h  »1.»  «0  M.V,  41  T|.)l  42  7).U 

ll.fr*  i%  tl.T;  ~a  ~iTTW  ~*r7CTT 


S- 


74.91  I?  72.75 
VkTH  45  ITj6T 


M  n.n  IV  49.  VI  40  4V.I0  41  11.11  4?  >4.M 

*5~«7ir-i4  it.oj  m  n.n— «  THfi  4*  n  w — 


M  11.1*4% 

— i/tw" 


71.41  * 

;v.n 

11  **. VI 

24 


IT 


IV.41 

tr.ii 
*4-9* 

«.in»  ~n.ii 


14' 


12.1*  ll  ?<j.4l 


■  r  vo. tb — * — o: - 1  «4.i« — i — rm — nor 

10  74. f|  U  83.38  12  11.07  19  19.41  14  19.4V 

it*  ii  mi  n  rncr  ?r  u:ss  n  tcit 

14  *0.41  15  14.11  £4  14.17  21  Tt.41  It  T4.V9 

94  44,1*  9*  41.01  40  67.10  41  >4.44  41  »v!ol 


"51 

“15" 

17.75 

IV 

73  .« 

vr 

10751" 

17” 

TOT 

TT 

urn 

19" 

Tnr 

?><  4 

H* 

la.62 

*111 

•6.23 

2 

3 

« 

6. 

r 

157%i 

t~ 

76.2% 

T 

§4.  *9 

• 

Tr  tj 

4 

62.69 

10 

75.67 

n 

■  9.62 

12 

82.48 

11 

81.67 

'4 

•9.77 

m  J.iV 

u 

15755" 

IT' 

"K.T8 

TV 

1»7T5“ 

19” 

19.74 

10" 

Tftm 

IT" 

14.75 

2? 

*4.4* 

23 

»*.’2 

2* 

94.05 

25 

Il.tO 

n 

84. 6i 

27 

•0.02 

2« 

77.1* 

29 

ts.u 

90 

7%. 20 

11 

?2.»i 

12 

71795 

13“ 

1T7T5~ 

*5 

16.68 

35 

157Tfc~ 

36 

t:  5* 

>7 

7  J.B2 

M 

69.41 

19 

6*. 2% 

%o 

67.9% 

41 

?  7.61 

42 

80.99 

4  3 

».?4 

44 

7*. 63 

45 

75.71 

it 

72712 

'%!" 

t«.*t  il  1977(ri9  ICST 

— r 

11729 

2 

1779V 

9 

TOT 

“1” 

0. 

5  1 

^v;rr 

6 

I7.3I 

T 

13713 

• 

•  j.65 

V 

•0.67 

i0 

71.00 

11 

94.11 

l? 

•1.54 

11 

§1.77 

14 

•  1.42 

H  H7*e  "Ti" 

•  7.9} 

17  1672  >  IT 

•5.79 

IT" 

20 

f^.TV 

Ji 

11.15 

22 

•  9.46 

29 

81.1* 

24 

•  1.44 

25 

96.50 

26 

95.67 

27 

91.96 

28 

7I.H 

J* 

10 

fair 

31  7%.8> 

32 

7J.il 

33 

w 

TT 

II.  41 

15  17.41 

96 

74.50 

97 

72.11 

)• 

71.50 

>9 

70.04 

40 

69.17 

41 

•2.56 

42 

•5.10 

IT 

T%77T 

4% 

11.56“ 

15“ 

b&i 

hi 

mi 

ktf 

MM 

M 

KU 

UU| 

JVL  29.1964 

1 

•  Ml 

2 

6*  .86 

3 

•  *.9 1 

4 

w  . 

17711 

107T7 

7 

86.57 

• 

•  2.21 

* 

•2.BI 

19 

77.41 

11 

•5.19 

12 

■2.9* 

11 

•4.29 

16 

•  9.09 

•4.19 

i/H 


94  14.10  97 

49  ijn?  4% 


17“ 

•4.94  24  SO.  49  19  44.  *0  14 

74.91  “91 — T9,  f 6~  II " TCCni ~ 
19.ro  99  n.19  1*  10.44  40 

"•or  *rir.*r-rr  i 


jr\  24*1*4% 


1 

•  4.2* 

2 

5#.il 

1 

•4.46 

% 

0.' 

r 

§*.C1 

6 

1T.TT 

7“ 

17737 

« 

7%.  li 

* 

;o 

76.0-t 

11 

8%. 2* 

12 

•  3.?0 

14 

•%.27 

14 

ii.ft 

l5 

•5.23 

14 

17 

14.1 

18 

l4.*5 

16“ 

TOl — J6~ 

14. IT 

"11 — 

14.77"" 

22 

85.9) 

21 

6*.  70 

2% 

83.97 

24 

•4. *4 

24 

■  %.*% 

27 

•0.62 

21 

77.50 

1" 

-  J5.  vCT 

'  57" 

1v.1v 

TT 

‘  73.15" 

17“ 

77.31 

IT' 

'  tnr 

TT 

10.U 

’15” 

16705" 

>6 

72. V4 

9  7 

71.20 

98 

49.W 

3* 

M.A0 

%Q 

67.  34 

41 

7*. 96 

42 

1.98 

4i 

*2.11 

4% 

•mi 

45 

77.21 

46 

.i.69 

47-11.J6 

*i" 

19.33" 

19"' 

•  3.» 

rJL  2T 

!**«. 

1 

•  1.1> 

/ 

%<.*• 

~V 

13.13" 

V 

>7. 

5 

8%.  25 

6 

mr 

13.4T  " 

8 

60.  7% 

« 

6J.25 

74.  VC 

11 

A*. *6 

12 

82-84 

13 

•5.00 

14 

•  3.77 

ii 

8  9.11 

t* 

*/.C% 

17 

85.41 

18 

84- *7 

19 

IV  157TT  11  1577* 

22 

*%.i* 

2) 

8  7-8% 

2  * 

9%  >2  7 

24 

•6.4% 

26 

6*. 54 

27 

10.99 

28 

78.02 

it 

#4.6% 

9y 

75.19 

91 

74.06 

j  2 

72.  at 

n 

u.ii  ii "  tins  'imrrr 

16 

li.ii 

>7 

7 1  -*  1 

>8 

70.71 

34 

69.22 

%o 

48.30 

41 

81. 0* 

42 

•  1.53 

*3 

•  i.22 

%% 

"HIT 

'' 

79.51 

H" 

7*715" 

IT" 

u  nv 

Tr 

TB.Vr 

*T  " 

TV7W- 

iVl  26.! 

l«4* 

1 

#1.25 

2 

%v.67 

3 

•*;t% 

* 

2. 

5 

•671V 

6~" 

18.il 

_ 

15750" 

8 

4I.V* 

t 

t.v.4* 

10 

76.52 

11 

•%«%• 

12 

•3.1) 

'3 

•4.50 

44 

79.88 

*5 

n.lf 

IV 

*7-60 

"T7~ 

T5.il 

IT" 

61.  5i 

TQ~ 

tcit 

V 

11.71 

n 

15.79“ 

72 

c%-7* 

21 

•">-35 

7% 

43.41 

25 

4’, 14 

2* 

84.  00 

2  7 

•  1.99 

2* 

78.4% 

2* 

#%.et 

9. 

7  >.*1 

11 

7%. 52 

1? 

73.27 

13 

§2.77 

1%  H  74V 1T  T771T 

»* 

7%.0v 

97 

72.21 

18 

7  1 .03 

99 

6*. V0 

%; 

6  .81 

41 

•  1.89 

42 

•  4.1 

*9 

*)-*• 

4s 

4/-72 

%5 

7>i.7* 

%6 

76.11 

47 

7T.  3 V 

41' 

11713 

49  IV.  3V 

M  90.1*44 


1 

•2.80 

2 

*8.93 

3" 

90.5V 

4 

0. 

“5 

1FI5 

10770 

7— 

1T.il 

• 

81-18 

* 

46.20 

10 

78.06 

11 

•  7.01 

12 

•  3.14 

13 

•5.79 

1* 

**.02 

~  75 

65.  35 

16 

§*.90 

17 

68.61 

li 

157*6 

lily,  rb 

20 

13. or 

21 

14-99 

22 

•  4.09 

23 

65.82 

24 

•0.65 

25 

•9.05 

2b 

•  7.55 

27 

•2.62 

2» 

Tv, 48 

24 

77.12  " 

IT 

74.27 

IF 

IT .IF 

1 r 

16751T 

“TF 

ITT* 

"13“ 

"13.61” 

15“ 

7V.  04 

36 

74.82 

7 

7). 90 

39 

72.13 

3* 

70.63 

%0 

6*.l) 

41 

•  3.20 

42 

86.99 

43 

•i.Vt / 

44 

64.76 

15  tl  .90 

4l  “7*757 

"17  73776* 

11"  73.61" 

19  1619 

3CM  91,1964 

7*.§6^ 

2 

“T>.ir 

9 

mr 

4 

0. 

5 

Vo.  1 0 

4 

197VF 

7 

19716 

• 

•  1.49 

* 

96.50 

10 

7».S7 

11 

67.63 

1? 

•4.53 

19 

86.45 

14 

•  3.97 

15 

•  4.62 

16 

69.5% 

It 

18.13 

U  66. *9 

19 

15.6V 

10 

13.59" 

n 

13  .50  " 

22 

•  5.57 

29 

•  %.•• 

?4 

•0.25 

25 

•9.26 

26 

•  7.58 

27 

•  3.06 

?• 

79.8* 

2* 

16.2  V 

» 

7*.«3 

ll 

75  :« 

32 

74  U 

TT 

ii:rr 

16“ 

T3731T 

33 

iv.if" 

36 

75.28 

97 

73.67 

38 

72.27 

39 

70. VI 

40 

69.91 

41 

§3.41 

42 

66.70 

*r 

•6.70 

,4 

t5.C% 

IT" 

12 . 34 

st 

‘  79. SO 

IF 

16.31“ 

IT 

13779" 

19” 

80.25 

AUfc  1.1*44 


1  ' 

77.U 

2 

51.55 

3 

90. 

.97 

'  '  4 

0.  ’ 

3" 

19.70“ 

6" 

10719“ 

r 

ir.95' 

• 

81.93 

* 

•A. 38 

10 

78, 

,84 

11 

87.48 

12 

8%.4l 

13 

•6. T9 

14 

•2.96 

i  '5  ' 

85.03 

"TV 

«*.%• 

17“ 

IT 

roc" 

“TT 

“16-75 

“i*r 

16.00" 

TT 

137*6“ 

IF 

13795 - 

22 

•5.80 

23 

8b.  10 

24 

-0. 

.7* 

25 

8*-l* 

2* 

•  1.55 

27 

•  3.5V 

28 

•0.26 

29 

7*76? 

U 

77.13 

31 

76. 

•  7 

37 

76796 

33 

177*5  36  167 16“ 

J3  79.37  — 

36 

75.81 

37 

74.15 

98 

72. 

.70 

1* 

71.97 

40 

69. M 

41 

13.80 

42 

•  6.93 

4  3~* 

•6.9* 

44 

•V.14 

45 

§2 

.45 

Vi 

19756"  4T" 

1*  .TFirii  .2  T  49  TC.72 

4Wfc  2*194* 

1  ?6.-*>  i  iv.57  3 

9  41.4?  *  «>- 15  IC 

l~>  >».**  li  2  7 

w_  si.vf  23  4>.4I  74 

~n^~urti-~T7~Tr~^ — rr 

•4  />.  .3  9/  J..M  Jf 

■»»  a&.b?  %%  «y.%2  %9 


•  *.7y  % 

V*. 12  ii 
79.  X.  It 
tC.I*  29 
Tb1~— 7? 
77. 9#  J* 
§2.9%  46 


2.  i  i«;*i  4  -io.%r  i — inv- 

S7.ll  12  B4.CV  19  «4.49  92.  *  % 

4%.v7  <9  7erj2  ~?S“*  7T15.94 


n  «r.i?  r  loi  n  n.4> 


71.  64 

7*.a» 


_  #0-40  %l  11.94  +2 

*7  tfl'ic  O  ~7*.47  "  %*~ 


•  7.07 
*0.39 


F 

~Tj.Tr 

7“ 

15.67" 

T" 

1T75F 

0. 

— 3~ 

17777“ 

1“ 

17733" 

— r 

1 nr 

t •-  .5 

V 

8>.*1 

?•  «  v  ? 

u 

2b.  v? 

12 

84.CC 

19 

86.04 

14 

br-7% 

17 

*7.41 

lb 

•  b.  /C 

.* 

.6705" 

27“ 

'  8*790- 

IF  13761 

0.^7 

•o.s* 

25 

•  *.14 

26 

b7. 1  3 

2# 

3). 45 

3- 

77.8b 

31 

?b.78 

32 

75.7C 

33 

4§. 3i 

y%- 

16.10  13 

io.tr 

#4.«0 

38 

?J.*? 

>* 

71.  *8 

40 

7C.90 

41 

•  5.3  7 

42 

•  7.85 

UTiF 

16 

T3.J1 

IT 

17777“ 

4* 

.'5.06 

~Vf~ 

11.66 

*ui i 

1  Ill.ti  ;  t»*.£fc  9  86.70 

*  *:■?>  v  <<.  *  b  to  t<t„r'n 

iV  t».»4  r?;n  rv  17.17 

•  7  B6.C3  29  b*.2b  2*  81. >9 

<*>  #V.§4  9.  7o.37  u  7*.v) 

*4  77.0s  it  7>.9%  90  7J.9) 

<•»  oC.42  44  «7.J2  %5  14.94 


T  19.71 

_ _ _ .  _  .  -  -  -  -  10.47 

urn  7T“f57T9 — n — nr^r 

*«.9A  76  87.82  27  •>.77  20  01.15 

71.  13  II.TTTV  '15  IS  II  1076 5  * 

72.49  %0  71.9*  41  88.07  42  89.13 

■KC2  47  TT.lb  11 - - - - - 


ha.  e.i*6% 


1 

44. 2> 

2 

tJ 

•  93 

3 

82 

.77 

4 

6* 

.33 

— 5“ 

ir.r 

1 

-11771 

r 

*0 

s 

78.2/ 

# 

B# 

-lO 

10 

ac 

-C* 

11 

88 

.*• 

12 

85.6? 

13 

87.4* 

14 

83 

.52 

66.4V 

1- 

#»» 

.*! 

17 

•* 

25 

18 

8? 

.2  3 

14 

§5.64 

20 

§4.15 

21  §5 

15 

22 

64.  *  1 

23 

e> 

•  2* 

24 

80 

.*1 

25 

*2 

.03 

26 

90.08 

27 

85.11 

28 

62 

12 

.6# 

>1 

IT 

lb 

12 

~rr 

"TV 

69.1% 

14 

"1715" 

15 

IT 

. 

76.50 

3) 

•  6 

57 

38 

75 

38 

3* 

73 

65 

40 

72.85 

4  1 

89.97 

42 

V#.bJ 

44 

Vl 

-27 

44 

•  7 

88 

46 

83 

.6* 

47 

80.44 

48 

77.82 

4* 

§1 

34 

AUC  *,1*64 

tJ 

IF" 

6) 

IT 

4 

IT 

Tzr 

5 

40.5i 

£" 

-  7 5". 4 9" 

“  7 

IT 

17 

8 

#8.27 

V 

86 

66 

13 

80 

03 

11 

88 

0B 

12 

36.53 

13 

87.74 

66.57 

lb 

VJ 

*5 

17 

8v 

15 

18 

87 

5  1 

1  9 

§5.47 

2o 

85.4  fi 

TT 

15 

70 

<2 

85.7b 

23 

•  •> 

40 

24 

80 

89 

25 

*2 

48 

26 

*0.95 

2  7 

86.75 

2* 

b2.4v 

>J 

81 

05 

>1 

7* 

7* 

12 

>8 

V  J 

33 

*0.1 3 

3* 

8  9.76 

35 

37 

78 

51 

38 

77 

16 

3* 

75 

#4 

40 

74.51 

41 

89.56 

4? 

*1 

31 

V0.lv 

44 

VU 

04 

IT 

IT 

TT 

46 

»!. 

IF" 

*’ 

4* 

79.95 

TT 

15  “ 

AUU  10,1*64 

l 

62.72 

2 

62 

43 

3 

64. 

**• 

4 

64 

o3“ 

*0.49 

~6 

7V.62 

“T 

8 

78. *4 

5 

e%_ 

4  T 

10 

80. 

0* 

11 

6a 

46 

12 

86.90 

13 

86.05 

14 

84. 

70 

15“ 

IT 

TV 

i>4 

11 

8  7 

TT" 

"TV 

H77F" 

20 

1S71 

7F 

ts: 

15 — 

22 

86.4* 

23 

8  ?. 

25 

24 

81. 

1C 

24 

92 

96 

26 

*1.00 

27 

86.99 

2* 

82.8* 

30 

81. 

51 

)i 

80. 

62 

32 

79 

25 

33 

10724" 

IT 

19.67  15 

§4. 

45 

37 

11 

38 

77. 

61 

39 

76 

07 

40 

75.02 

41 

64.10 

84.86 

44 

84. 

*3 

45 

§5. 

02' 

46 

14 

*§“ 

ti.a — 61" 

"I51H9 

12. 

26 

*04  5.1*64 

l  7%.4V  2 

*  *1.11  * 
1*  49.7.’  16 

:?  2i 

71  bj.vi  57 

16  #7.52  >7 

%)  6*. ii  4% 


64.34"  9 

84.41  »0 

«•-*,  1? 
•  >.  ;*  2< 
TF.T2*-ir 
7  > • »  7  )• 

bt.11  4? 


§6.s7  %  o.  5 '  §§ir"  nonr- nn* 

7*. 06  II  97.17  12  83.07  U  »6.04  14  T9.8J 

•  7.74  1 6  C6.*c  19  16.15  25  “15784  jr“0J."49“ 

79.61  25  89. it  26  87.94  27  04.14  2*  81.6) 

^7.52  yr~ 74. JJ  1J"ir.4  7  H  tS.n — 55-11.90 

74.2%  3*  72.*l  40  71. to  41  06.83  %2  •*.*• 

•  i.l>  46  §1*69  47  “71  ;TT“H  T67H  i9~iF.4%  " 


AVy  11,1*64 

V  80.91  2 

•  _J».36  V 

li  «6.»  16 

22  66. *4  23 

7*  62.4*  35" 

%3  66.0V  44 


62.63 
•  KSl 
*1.02 
87.12 

httf 

78.74 

•/. 68' 


6§.§S 
•  0.90 
8*.  16 
81.32 
-  §0:37 
77.28 
§5  .  16 


617*6" 

•  8.20 
87.  *8 
*2.10 

78. §2 


75.74 

R.Vi 


90763  S" 

86.5*  13 

i6.TT'ro 

90.5?  27 

*0.14  J4 


40  74.42  41 

vrii.jv  a' 


18751  7  84.62 

*7.65  14  84.20 

17701  7TT7.56 

•6.45  28  83.70 

"tin — 35 — n.71 

•6.58  42  88.*3 

T9.77  69  IJ.lt 


8 

7V. 42 

•  S.d2 

10 

79.41 

11 

14 

64.46 

16 

9J.37 

IT 

§§.?§ 

l§ 

22 

64.13 

23 

•  1.67 

24 

?9.M 

25 

2* 

60.  3* 

30 

?8.«4 

31 

77.60 

32 

%3_  "VU.01  ii' 


76. 40 
H775" 


§•  74.8*  >9 


t!~iDnri7:cT 


*U4  7,1*6* 

l  t 1.76  2 

8  7«.7d  * 

15  **751  rv* 

22  64.17 

2*  eo.iu 

16  77.97 

*1  4U.92 


61.72 
4  3.40 

1T75I~ 

61.96 

;§.46 

76.12 

ii.il 


T7 

•0.00  12  64.10  .. 

§7.05  15  85.53  J5 

*0.6?  26  •8.«v  27 

78.58  ir  ^.36"34“ 

73.50  40  72.40  si 


66.33 

15756 

•4.46 
16714 
•  9.00 


"91715 

1 

oT.io 

— r~ 

60.9) 

J 

4717 

16711“ 

80.3* 

• 

78.9* 

* 

87.72 

10 

80.88 

11 

§8.00 

«.  or 

15 

8  5, 7 1 

16 

1.20 

l? 

41.97 

18 

88.40 

•1.9? 

2? 

«.  6.96 

23 

6  *'.25 

24 

82.42 

25 

91.66 

Tim 

29 

61.86 

30 

80.  *6 

3k 

71.35 

32 

71.17“ 

90.65 

>6 

79,90 

3? 

77.98 

38 

76.37 

39 

75.00 

TOT 

41 

*T.  §6 

44 

"mr 

15" 

"irn 

16T 

U.'K  " 

§7:10 

79.7* 

11.57" 

•0.21 

77.77 

74.57 

§6.81 


e. 

•  7.5* 


5  »V.I7 


6“H.«  111755" 


31 


12 

•  5.03 

13 

•6.54 

14 

81.75 

1 9“ 
26 

T5T6T 
•8.  5  J 

“70“ 

27 

157X5“ 

•4.74 

TT 

28 

unr 

•1.95 

11” 

§779m 

15191" 

35” 

TT70T 

40 

72.11 

*1 

•9.17 

42 

91.76 

vr 

79.10 

l 

3 

59  ITTJF 

irror 

86.7* 

§771i 

*0.21 

§1.5? 

79.87 

'1V7VT 


"r 

13 

JO 

27 

34'  1I7D0 
41  *1.79 

iru.u  it  11.01 


TI7T5 - mUT 

•7.95  14  B4.51 

IT730  2J  IT;Cfi 

•6.50  2 •  13.17 

1511.15 

42  9*.62 


AUt  11, 1964 

l  72.01  "2  59.32 


8 

7* 

24 

* 

8). 26 

10 

"TT 

IT 

4  f 

lb 

90.47 

"TT 

22 

tr 

54 

2) 

88.10 

24 

"29 

82 

21 

35 

•  f.ee 

51 

3b 

80 

15 

37 

79.49 

3* 

43 

94 

41 

4* 

IX.  *6 

« 

76.88 

•  1.25 


1575T 
83.11 
T9. 96 
77.00 
89.96 


66.80 

•8.67 


18755" 


9o;ur 

86.24 

17.70 


19 


77 r 

91.11  26  90.00  27 

7171V  13  81.21  1% 

75.49  40  74.92  41 

§5.  OT  4T  mi  -  68 


14 


89.15 

•2.72 


79759 

•8.00 

17776  TI — T775U - 

•6.09  21  •|.52 

11.02  35  81,52 

95.24  42  95.96 

79.00"  59  13.95 


JUt  22,196* 


a 

70.77 

9 

•  7.61 

10 

70.67 

11 

•7. 

.23 

12 

70.80 

13 

•4,63 

14 

•  1 

10 

TT 1577V 

rv 

iv.Tr 

17 

72.53 

11 

n. 

.97 

19 

70.90 

TT 

*9.13 

"TT" 

TT 

70 

22 

at. 77 

•  3.37 

24 

•  3.17 

25 

•0. 

.37 

26 

75.47 

27 

73.  *7 

26 

72 

•3 

2* 

'TT.TT 

so 

74.75 

11 

■ii:u 

52 

47, 

.70 

35 

•2*50 

TV 

10.90 

J5 

“TT 

TT 

u 

74.  ii 

17 

72.73 

31 

71.63 

39 

70. 

.60 

40 

••.93 

41 

66.37 

42 

03 

6) 

4T 

•2.00 

44 

•r.?r 

nr 

IT 

n 

W 

h:it 

Ti" 

75*27 ' 

IT 

"TT 

TT 

so 

14.  40 

51 

•  1.03 

92 

•  I. 10 

33 

80. 

.93 

54 

•9.97 

95 

•  3.07 

94 

71 

23 

T r 

‘77751  51  affny  ‘ 

59 

17:33 

50  tt; 

,57 

61 

71793 

62 

T9 71 7 

TV 

“IT 

TO 

64 

a?. io 

45 

•  5.43 

66 

•0.23 

47 

ao. 

.70 

68 

•0.60 

69 

•9.07 

70 

•4 

50 

Ti 

79.97 

72 

H.U 

“TV 

77107 

7T 

IT, 

tv 

"TV 

79:73 

76 

91.  1 0 

"TT" 

Ti 

"S3 

71 

94.47 

7V 

97.33 

ao 

85.  .*0 

•  1 

as. 

.07 

82 

•  1.03 

•  3 

79.67 

•4 

76 

17 

IT 

59.40 

56 

1e.5T 

a? 

■71.00 

56 

70. 

w 

T9 

15.06 

"90" 

"15777" 

91 

~ir 

77 

92 

85.97 

93 

70.50 

Underground  Parking  Garage 
Nevada  Test  Site,  AEC 


J'JL  23.1964 

1 

•9.91 

2 

65. 

T6 

3 

TT, 

.61 

4 

71. 

,66 

r 

84 

TV 

* 

56. 

,9V 

7 

It. 

■  86 

• 

12.2  0 

9 

•  9. 

,35 

10 

72, 

.39 

11 

88. 

,77 

12 

72 

23 

13 

86. 

.70 

14 

•  3. 

,77 

i5 

77.82 

16 

“TV 

TO” 

"TT 

TV 

TV 

16 

TV 

TV 

TV 

TT 

TT" 

TO- 

TV 

.*4 

TV 

67. 

1  77 

22 

•  6.09 

23 

•  7. 

.ao 

24 

85. 

,27 

25 

82. 

.60 

26 

77 

36 

27 

75. 

.05 

28 

73. 

.61 

29 

11.93 

30 

71. 

,34 

31 

64, 

,41 

ii 

68. 

.16 

15 

TV 

TV 

"IT" 

85. 

TV 

TV 

TV 

,46 

16 

75.61 

37 

73. 

.50 

3# 

72, 

.18 

39 

71. 

.09 

40 

69 

52 

41 

67. 

.48 

42 

84. 

.95 

43 

05.26 

44 

09. 

.27 

45 

8a. 

.45 

46 

69.70  47  *7. 27  48 

TV 

.61 

•  6. 

.32 

SO 

05.36 

51 

•  3. 

,57 

52 

82. 

.23 

53 

81. 

,66 

54 

84. 

93 

55 

83. 

.75 

56 

81. 

.11 

sf  ■ 

06.  or 

50 

T9. 

.89 

59 

65. 

TV 

TO" 

TV 

TV 

TT- 

81. 

TV 

T7“ 

TT 

TV 

63 

TT 

.37 

8  >.50 

65 

•  4. 

,93 

66 

81. 

,91 

67 

81. 

.18 

68 

81. 

14 

69 

85. 

.64 

70 

84. 

.14 

71 

b  i.52 

72 

HO. 

.48 

73 

80. 

.39 

74 

80. 

,65 

75 

66. 

34 

76 

85. 

.69 

TV 

86. 

.89 

79 

91  . 

,?S 

80 

•  6. 

.41 

81 

64, 

.02 

82 

a:. 

59 

83 

80. 

.16 

84 

76. 

.66 

65 

60.25 

•6 

59. 

.07 

87 

65, 

.95 

86 

66. 

.67 

69 

65. 

TV 

46 

85. 

.66 

91 

n: 

TV 

92 

•  7.70 

93 

66. 

.06 

_ 

Mercury,  Nevada 


- p 

TV 

— j— 

66. 

TV 

I" 

TV 

TV 

4 

TV 

TV 

5” 

SB. 06 

T" 

59.52 

— V 

T*: 

13 

8 

71, 

.67 

9 

90. 

.62 

10 

71. 

.70 

11 

89. 

,60 

12 

71.86 

13 

88.20 

14 

85. 

.07 

15' 

79. 

.59 

16 

77. 

.34 

17 

74. 

.61 

18 

73. 

,18 

19 

TIT  9 

2~0  7<5.  tfO 

TV  *8. 

.05' 

.57 

.07 

24 

87. 

,14 

25 

84. 

.76 

26 

78.91 

27 

76.36 

28 

74. 

,66 

29 

72. 

,43 

30 

71. 

.62 

31 

69. 

.84 

32 

68. 

.45 

33  84.45  54  85.70  TV 

T9. 

.14 

36 

76. 

.73 

37 

74. 

.32 

36 

72. 

.77 

39 

71. 

.39 

40 

69.84 

41 

67.11 

42 

86. 

.50 

TT 

00. 

TV 

44 

8V 

TV 

TV 

TV 

TV 

TV 

ic: 

rsv 

TT" 

08.64 

TT 

87. 

.39 

51 

05. 

.36 

52 

82. 

.93 

53 

82. 

,73 

54 

07.00 

55 

85.39 

56 

83. 

.45 

57 

61. 

58 

60. 

.73 

59 

87. 

.16 

60 

85. 

.00 

*1 

83.34 

TT — 82. Tl 

63  82. 

.27 

•  7. 

.57 

65 

86. 

.77 

66 

84, 

.34 

6  7 

82. 

.00 

68 

82-70 

69 

87.59 

70 

85. 

.75 

71 

03. 

,07 

72 

82. 

.07 

73 

81. 

,64 

74 

81. 

.11 

75 

YfT3Y 

7* 

ao.irTT  89. 

.60 

/• 

89, 

.64 

79 

93. 

.25 

80 

87, 

.57 

81 

85. 

.07 

82 

82.05 

83 

80.70 

84 

?6. 

,75 

65 

60. 

T6 

"5V 

T3 

TT 

TV 

TV 

TV 

64. 

TT 

TV 

86.45 

IV 

06.4  3 

TV 

"TT 

.34 

92 

06. 

•  62 

93 

64. 

.27 

_ _ _ 

_ 

_ 

_ 

_ 

JUL  25.1 

1964 

JUL  28.1 

1964 

T 

91.49 

2 

0V94 

T 

irrn 

V 

TTTV 

5“ 

T979V 

6 

TY.UV 

V 

91.27 

1 

*2.6* 

2 

09.54  1 

92.33 

4  7577V 

5 

85.60 

6 

8 

73.71 

9 

91.13 

10 

74.0* 

11 

90.7  3 

12 

13 

•9.40 

86.73 

a 

75.88 

9 

93.19  10 

75.94 

11  92.04 

12 

75.90 

13 

91.23 

14  89.23 

TV 

TI.V 

TT 

7I.7T 

TV 

75.81 

TV 

"7571V 

IV 

73.46 

TV 

7i. ir 

-rr 

46.5? 

15 

01.90 

16 

01.65  17 

78.67  “lb  “  76,5V 

19 

1S7T3  "JO  71785  21  69.65 

22 

•  9.0i 

23 

91.65 

24 

•9.63 

25 

•6.79 

26 

80.56 

27 

77.60 

28 

75.71 

22 

91.00 

23 

92.58  24 

91.27 

25  68.88 

26 

83.23 

27 

80.60 

28  78.27 

T 

74.21 

TV 

1T.2J 

TV 

TVTV 

TV 

4F.97 

TV 

87.15" 

J4 

'87.0V 

15 

TOT 

29 

TVbT 

ic 

T.7TI  TT 

7  1  .48 

12  69.83 

TV 

89.65 

TV 

89.08 

3?  63.31 

36 

78.13 

37 

75.38 

38 

73.60 

39 

71.98 

40 

70.13 

41 

67.52 

42 

89.23 

36 

00.63 

37 

77.81  38 

75.77 

39  73.77 

40 

71.00 

41 

68.33 

42  91.31 

4  3 

US 

44  Vi. 52  4V1177& 

46 

ICTT 

47“ 

96-04 

48 

49 

43 

91. 3H 

44 

93.17  45 

92.79 

46  92.92 

47 

•>i7fr 

4b 

6575V 

49  91. 01 

50 

90.  50 

51 

87.17 

52 

•  1.63 

53 

83.63 

54 

91.02 

'•5 

89.33 

56 

86.13 

50 

09.90 

51 

87.98  52 

86.02 

53  86.13 

54 

89.17 

55 

86.29 

56  86.25 

57  5J735  58  6174  V  59  H  VTV 

*0 

•6775  51 — I57TV 

•  2  83*02  63 

•  3.23 

57 

04.35 

58 

63.27  59 

89.31 

60  Sa.oO 

*r 

6*77) 

62 

T4.98 

61  15.40 

64 

90.69 

65 

89.42 

66 

•  5.96 

67 

•  3.30 

60 

•  3.46 

09 

91.58 

70 

68.40 

64 

89.96 

65 

89.10  66 

87.25 

67  86.19 

68 

86.25 

69 

89.77 

70  87.63 

“TV 

84.96 

T 

8TTTP 

73 

12763 

TV 

*2.06 

(J 

■  2.69 

TV 

TTTV 

TV 

~  90.4V 

TT 

bV.7  1 

72 

“bs  .71  TV 

85.56 

74  85.1 1 

TV 

85.69 

76 

86.  19 

7T  86.56 

76 

90.50 

79 

95.58 

•0 

89.27 

81 

86.21 

82 

*.■'.60 

83 

80.69 

84 

76.79 

78 

06.  73 

79 

92.83  80 

B6.B8 

B1  84.94 

82 

82.52 

83 

81.31 

84  77.44 

65 

00771 

|6 

”  55798 

T7 

44.2V 

8 Y  64.27“ 

n  ir.D2 

TV 

TT.02 

TV 

1T704 

05 

60.40 

66 

58.96  67 

64.81 

88'  55.6?" 

T9 

T8.61  90  If.W 

TT  91.94 

92 

90.52 

91 

64.42 

92 

91.52 

93 

65.29 

_ 

. 

JUL  26.1964 
i  9C  .T8  2  “ 

8  74.98  9 

70.22 

91.24 

3 

10 

90.41 

75.09 

4 

11 

74.70 

90.17 

5 

12 

80.41 

75.22 

6 

13 

tt.bt 

89.59 

1 

14 

90." 

87.61 

JUL  29, 1964 

1  92.04  2 

8  73.94  9 

68.15 

92.42 

3 

10 

92.33 

73.96 

4' 

11 

73. 54 
92. 15 

12 

66.68 

73.88 

6  60.83 

13  91.10 

V1J.83 

14  89.33 

r? 

62.  JO 

16 

7i;  85 

TV 

T5TBV 

18 

15754" 

19 

73.28  " 

TV 

Tfl. 98“ 

TV 

68.89 

TV 

04.40 

16 

02.13 

TV 

79. 2i~ 

“T6 

76.77 

TV 

75.TV 

20 

72.21 

21 

22 

09.43 

23 

91.76 

24 

89.43 

25 

87.2b 

26 

81.6  7 

27 

79.15 

26 

77.54 

22 

VI. 46 

2  J 

92.73 

24 

91.40 

25 

89.35 

26 

•  3.67 

27 

81.04 

28 

78.85 

29* 

74.0V  30 

72.91 

31 

70.46 

32 

69.17 

31 

88.53 

36 

87.40 

33 

81.91 

29 

76.21 

30 

74.66 

31 

71.94 

32 

'  75.-0* 

TV 

40.,() 

U 

897SV 

35 

U.8I 

79.17 

37 

76.28 

38 

74.39 

19 

72.57 

40 

70.37 

41 

67.74 

42 

89.50 

36 

61.23 

37 

78>: 

38 

76.02 

39 

74.33 

40 

71.44 

41 

68.52 

42 

91.69 

43 

90. 00 

54 

91.24 

45 

90.74 

4o 

91.26 

47 

85.4V 

68 

66'.  09 

49 

89.76 

43 

92.00 

44 

92.67 

45 

92.44 

46 

02.18 

97 

91.40 

48  65.9FT9  90;90 

50 

09.63 

51 

60.28 

52 

84.78 

53 

84.35 

54 

87.52 

55 

87.93 

56 

56.59 

50 

90.  30 

51 

08.85 

52 

66.85 

53 

86.98 

54 

89.44 

55 

80.90 

56 

97.31 

57 

bJ.I7 

56 

TTTV 

T9 

TFTJV 

TV 

88.15 

T V 

’  06.il 

6V 

13.9* 

TV 

T4.T5 

5  i 

05.10 

T4.23 

39 

“  89.0'6 

"5V 

88.52" 

*1 

T77TV 

*2 

85  «  T  f 

6  j 

85.85 

65 

89.70 

66 

87.13 

67 

84.74 

88 

84.76 

69 

87.61 

70 

87.96 

64 

09.04 

65 

08.  V8 

66 

87.98 

67 

87.00 

66 

87.00 

69 

90.13 

70 

88.54 

06.52 

72 

85.24 

73 

64.33 

74 

87.76 

75 

84.20 

76” 

10.61 

77 

81.26 

71 

06.90 

1 2 

0o.t3 

73 

86.06 

74 

T3775 

ir 

86.10 

76 86.60  77 

ivrv 

)8 

0l.  35 

79 

07.07 

80 

87. 57 

81 

8-*>.  59 

82 

63.  72 

83 

81.50 

84 

77.33 

70 

07.48 

79 

92.15 

80 

67.46 

81 

85.63 

•2 

83.15 

83 

81.48 

84 

77.60 

b5 

60.61 

30 

60.07 

87 

63.96 

88 

64.1,2 

89 

87.80 

40 

87.83 

91 

90.72 

65 

60.46 

86 

58.92 

87 

65.13 

68 

63.25 

19 

89.21 

15 

89.11 

91 

H.18 

92 

90.  39 

93 

64.13 

92 

Vl.  13 

93 

65.21 

JUL  27. 

1964 

JUL  30,1 

1964 

r 

IJTW 

7' 

T9  .TO 

j-- 

TT.1T 

4 

“75777” 

5 

IT.  30 

* 

5T.1V 

— 7 

92. 10 

1 

92.04 

2 

“To  77V 

3 

12757“ 

5” 

■71.7T 

V 

87.6*9 

5 

62.15 

7  97:58 

. 

75.60 

9 

92.79 

10 

75.54 

11 

91.77 

12 

75.77 

1 1 

90.90 

14 

88.92 

a 

74.24 

9 

92.81 

10 

74.15 

11 

92.40 

12 

74.08 

13 

91.19 

14  09.58 

15 

03.40 

16 

00.79 

17 

78.04 

18 

75.98 

l  9 

74.17 

20 

71.46 

21 

*4.46 

15 

04.71 

16 

02.46 

17 

79.69 

16 

16  TV 

*19 

75756  IV 

72.40 

7T~  49.86 

22 

V0.  31 

23 

V2.08 

24 

90.06 

25 

88.38 

26 

82.75 

27 

7V.96 

28 

77.75 

22 

91.54 

23 

92.94 

24 

91.71 

25 

89.52 

26 

8-,  .00 

27 

61.44 

28  79.29 

29 

74.80 

30 

73.46 

31 

71.13 

32 

69.77 

33 

69. 5u 

34 

88.63 

35 

82.94 

29 

76.69 

30 

75.15 

31 

77.00 

32 

lOTTO 

3310771 

Ti  19. 90  35  IT.  06 

J6 

0J.2  i 

37 

77.35 

38 

75.42 

39 

73.44 

40 

70.92 

41 

63.42 

42 

90.60 

36 

81.65 

37 

78.83 

38 

76.60 

39 

74.63 

40 

71.94 

41 

68.23 

42  91.60 

TT 

'IVtT 

TT' 

1T.1V 

TV 

ir.Tr 

« 

1212  *7 

nrrvir 

*1.11  i9  69.50 

43 

11.49 

TV 

H  .54 

TV 

92.40 

4* 

1777V 

TV 

“9T75V 

*8 

63.19 

T9  90. 15 

50 

00.81 

51 

0  7.79 

52 

65.85 

53 

85.85 

54 

8  7. 6  J 

55 

87.17 

56 

86-  17 

50 

•  9.75 

51 

09.31 

52 

87.54 

53 

67.85 

54 

89.25 

55 

66.65 

56  87.88 

*.? 

04.33 

58 

6  3.25 

54 

88.  CO 

6C 

87.63 

61 

88.10 

*2 

85.13 

63 

65.25 

57 

85.81 

58 

05.10 

59 

8619 

60 

8  6. “54 

St 

'87779 

1? 

H.SJTVlTiOI  ” 

64 

08.50 

65 

87-75 

66 

86. 7V 

67 

85.01 

6b 

85.75 

69 

SB. 33 

70 

87.27 

64 

09.8  3 

65 

89.69 

66 

08.83 

67 

B8.08 

60 

88. 08 

69 

86.75 

70  68.13 

71 

b6.  2  3 

72 

05.88 

73 

85.52 

74 

65.10 

75 

85.42 

76 

61.48 

77 

82.10 

71 

07.29 

72 

8  7.04 

IS 

06.88 

7* 

64.7  V 

75 

•7.35 

74 

TS.77 

77  89704 

70 

02.lv 

?v 

8M.65 

60 

A6.C6 

81 

85,06 

82 

03.23 

8) 

01.90 

04 

77.40 

78 

89.15 

79 

91.59 

80 

67.54 

81 

85.94 

82 

a,«.4<. 

83 

81.77 

84  77.60 

63  55779  8*' 

>717' 

TV 

*i.n«' ' 

85  TT.TT 

Tr 

“88.38" 

TO" 

“Y8T5V 

IV 

9 1777"“ 

85 

roTir 

6  * 

59.62 

T7" 

4.7.58 

88 

TT.TT 

TV 

“IT.  95" 

9b 

90. 0B 

17  91.85 

U 

VI.  1* 

9  3 

6  i.CO 

92 

91.42 

93 

62.03 

.  ...  _ 

_ 

_ 

_ 

. . 

64  88*48  65  88*75  66  89*13  67  89.25  »  *?  -£‘?i  !?  5?4i 

"7i  btT^rrr ir.ir^rr ~it.ti  74  ia.4<r  75  89.15  n  «.»  y 

a*  S:'S-jrS;n  B  itvjv  If  «.«  ff  «.T5  50  ^:J!  '4T~T1TOT 

92  91.58  9  3  60.76 _  _ _ _ _ 


64 

86. 

i85 

65 

07. 

,90 

66 

88. 

,33 

67 

88.81 

71 

86. 

,58 

7  2 

87. 

,15 

73 

17. 

,77 

.4 

"if  .TO 

70 

73. 

.33 

79 

75. 

,44 

80 

83. 

.85 

81 

84.27 

85 

60. 

,35 

86 

58. 

.73 

07 

63. 

.58 

88 

6  3.63 

92  92.46  93  66.60 


* UU  2 '  ^ — 70.27 - 5 — 93 .7TB  "4  76.T5  5  81.75  5  **  ®7  7  93. 66  " 

8  T6.7T  9  93.62  10  76.56  l l  92.69  12  76.60  13  91.48  16 _ 90*06 

15  8S77T16'  87771  IT  fl.52  If  78.88  19  77.02  "20  73.79  21  71.00 

•»•»  n-i  »*  q-»  *4  74  97.48  25  90.27  26  85.08  27  82.83  28  80.75 

-tI-tHw-to  -T&7-n-?n»--  »  -mrmaii  h  w^rTrrcg 


50  86-2?  51  86.90  52  87.68  53  88.27  56  85.69  55  85.75  56  86^00 

— rr  >6^» — 5T  ir.r3  T9  15.04  40  15.47  4114. 00  62  «6.7r  ST  8J.W 

66  86.77  65  87.00  66  67.50  67  86.62  66  68.60  69  65.62  70  65^21 

— n— ir.«“ TJ-«s.u"Tf -Tranr  rro-w  .?r  jo.m  ?»  »i.ii 

76  62.06  79  67.79  60  86.69  81  83.96  82  62.56  63  81.66  66  77.79 


.75  9  92.58  10  72.65 

.00  16  83.71  17  81.13  ‘ 

*90  23  92.50  24  91.61 

.44  30  76.98  31  73.50 

.8b _ 37 _ 60.33  38  78.60 


92.19  12  72.35  13  91.23  14  89.90 

79.02  '  1 9~  7T.  15  20  TJY96  2T  ”7  i .  00 

90.15  26  85.02  27  82.77  28  80-85 

70.90  33  9T.02  54  90.87  35  15.60 

76.13  40  72.94  41  69.40  42  93.42 


92  91.96  93  60.46 


50 

62. 

.48 

51 

84, 

.83 

52 

87, 

.81 

53 

88- 

,81 

54 

61.56 

55 

8!  .94 

56 

64. 

,06 

5l 

66. 

,52 

£tt 

06  a 

.98 

5V 

81. 

.92 

60 

63. 

,06 

61  “ 

“84790 

62 

17754' 

61“ 

89. 

.29“ 

64 

tola 

.33 

65 

b<* . 

.15 

66 

86. 

.67 

67 

89, 

.17 

68 

09.23 

69 

79.58 

70 

81, 

.09 

71 

6*1. 

,0*. 

72 

86, 

.17 

73 

87, 

.67 

74 

88. 

,60 

75 

89.1 9 

““76" 

78.3177 

to; 

T9 

78 

00. 

.21 

79 

79. 

.00 

80 

78, 

.35 

SI 

80. 

,  77 

82 

61.00 

83 

80.75 

04 

77. 

.88 

“55“ 

60. 

.52 

86  “57706  57  41 . 

.29" 

“55" 

sr. 

nr- 

"59“ 

“9T.V5 

-TO" 

91.23 

TT 

"97; 

rrr 

*2 

92a 

.40 

93 

62. 

.22 

_ . — 

_ 

— 

_ 

— 

AUG  6,1964 

— 1  "92.97 - 2 — 75766 - 3  92-27 - 4~ 72763 - 5~~S7.« - 6  5172 1 - r  92~.11 

8  72.79  9  92.44  10  72-77  11  92.15  12  72.31  13  91.25  14  89.29 

"15  65:75"  irTCW“1 7  IT. 44  ~TI  -79.4T  19  77.41  '20  74.13  21  71.29 

22  91.86  23  92.55  24  91.73  25  90.06  26  85.08  27  82.88  28  80.94 


36  83.04  37  80.71 

“  43  93.64  44  92787" 


38  78.81 

45  92771 


39  76.46  40  73.15  41  69.83  42  93.58 

46  9?; 25  67  92704  48“  62.94  49  16751 


50  85.83  51  85.40  52  87.13  53  88.83  54  85.06  55  84.40  50  84.29 

57  15.90  51  "167ST~59  85777  '40  14700  6l  14760  02  8T7T7  53  88796““ 

64  85.25  65  85.46  66  86.06  67  88.96  68  89.00  69  83.81  70  83.52 


78  83.10  79  76.04  80  76.83  B1  79.17  82  79.50  83  79.69  84  77.63 

"85  “60.21  ff6  “54.44"  17  62754  18“  62. 58"  89“  90756  93"$ 0.75  91  91760" 

92  91,44  93  62.05 


3  92.16  4 

10  75.27  11 

1?  82.48  18 

24  92.33  25 

“rr-Tv.-orir 

>8  79.73  39 

45  93.44  40 

52  89.17  53 

59  88.96  60 

66  88.77  07 

"TT'WTOO  “T4“ 

80  81.90  81 

87  63.06  88 


74.2  7  —  5  86.65""(,  62790 - 7“T  5729 

92.50  12  74.31  13 _ 91*40  14  90.33 

SO.  48  FT"  78758  To  757T9  7T“““T2Y66 

90.90  26  86.15  27  8*. 04  28  82.13 

“72775  13  9T7T5  54  71771*' “If  067/5 

77.38  40  74.04  41  70.60  42  94.38 

92.90  4T  92.1)6  4l  63.40"  49  90.31 

90.06  54  86.94  55  87.29  56  87.29 

88.8161" 887V9  6  2  81752  61  19, 90 

89.94  68  89.96  69  88.08  70  87.83 

18.67  75  19.48  76'  «i\29“77  17.77 

81.06  82  79.52  83  78.98  84  77.00 

6 3 . 11  84  "91 .3b"  90- 91758  31"  “92767“ 


AUG  7,1964 
l  93.3!  2 

8  73.08 


22  91.96  23 

29  IV.OU  30 
36  83.08  37 

6  3  93.46  64 

50  89.06  51 


3  92.38  4 

10  72.98  11 


17  61.75 

74  91.80  25 

31  74.00  32 

38  79.00  39 

45  92.77  46 

52  87.92  53 


"5  35^92 

12  72.60 


6573S  T  92.96 
90.88  14  89.77 


26  85.17  27  83.00  28  81.13 

33  4 1727  16  40773  15"'  15.77 

40  73,31  41  70.00  42  93.56 

4  7  91.92  68  TT. 98  68  19.90 

54  88.35  55  87.54  56  86.15 


3  93.09  4 

10  74.96  11 


IT  T3.04  18 

24  92.74  25 

31  75.00  32 

38  80.07  39 

65  93.87  66 

52  89.70  53 


74 .  IT  3  67730  ~  6  06 752  7“  93.57 
92.98  12  74.76  13  91.93  14  90.96 


81.09  19  "79.T3  20  76.04 

91.30  26  86.19  27  84.85  28  83.00 

73.73  31  “  92.79"  T6  91  .TO  7176. 96 

78.80  40  75.80  41  71.35  42  94.76 

93.  19  47  “92.57  \6  13741“  '49  90.41 

90.22  54  88.70  55  80.83  56  07.89 


64 

08, 

,48 

65 

07. 

.92 

66 

87, 

,33 

67 

09. 

.56 

68 

09.52 

69 

87, 

.86 

70 

87. 

.02 

64 

90. 

.00 

65 

09, 

,98 

66 

89. 

,40 

07 

90. 

.17 

68 

90.13 

69 

87.80 

70 

88.00 

M 

05. 

.04 

72 

«5, 

.81 

13 

87. 

.10 

74 

88 . 

.19 

75 

89.0b 

76 

85, 

,50 

77 

06. 

,50 

n 

bb. 

.04 

72 

00. 

.15 

73 

88. 

.50 

74 

B9. 

,15 

75 

“T9. 89 

76 

tt;«i 

77  fl.Of 

70 

86. 

,79 

79 

,15 

00 

78. 

,58 

81 

79. 

25 

82 

78.98 

03 

79, 

,  n 

84 

77. 

.48 

70 

67. 

,80 

79 

1)5. 

,46 

60 

04, 

,15 

01 

83. 

,00 

82 

00.59 

83 

79.61 

84 

77.50 

65 

00, 

,50 

80 

50, 

,58 

87 

60, 

.9* 

88 

60. 

.08 

B  9 

90.65 

90 

90. 

.75 

9] 

91. 

.52 

05 

61. 

,02 

8b 

57, 

.09 

87 

62. 

.07 

00 

62. 

.69 

09 

81.74 

90 

91 ,?cr 

91 

re.  57 

92 

91  , 

.31 

93 

60, 

,60 

92 

92. 

,39 

93 

62, 

.91 

T 

547T0 

7 

71.02 

3 

“92.96 

4 

76.  ji 

“T77CT" 

5" 

it:  50 

7 

"93. IS 

a 

74.55 

9 

93.50 

10 

74.34 

11 

92.43 

12 

74.32 

13 

91.30 

14 

90.09 

15 

06.4  1 

16 

04  .  TO 

17 

82.  10 

1« 

80. 0» 

19 

78.26 

20 

74.95 

21 

72.02 

22 

90. 5B 

23 

92 .34 

24 

91 .48 

25 

90.66 

26 

05.93 

27 

83.75 

28 

81.91 

29 

79.45 

30 

7  7.95 

31 

74,59 

32 

72. u2 

33 

91.59 

34 

91.09 

35 

06,09 

16 

bl.76 

37 

81.41 

38 

79.48 

1  ) 

77.  39 

40 

73.84 

41 

70.41 

42 

94.32 

43 

94.  32  “ 

44 

91764 

45 

93.40 

46 

IT.  23  67  TTTTre  AH*  60.56  49  90.^9 

50 

90.00 

51 

0d.')8 

52 

88.64 

53 

89.  70 

54 

87.  1-i 

65 

87.55 

50 

8  7.07 

5? 

0/.09 

5d 

a  1  .bb 

59 

8t,86 

60 

00.48 

61 

07.64 

62 

87.80 

63 

89.50 

64 

b  9 . 09 

6*» 

8  0.80 

6b 

88.27 

67 

89.  70 

b  8 

89.613 

69 

88.32 

70 

8  7.66 

71 

06.57 

72 

bb.82 

73 

87.59 

74 

88.41 

75 

09.3b 

76 

87. ’5 

77 

85.05 

78 

uo.bO 

79 

a  i.36 

0C 

81.11 

01 

00.  16 

82 

79.25 

83 

7J.95 

04 

77.  32 

55 

60.86 

6  b 

58Y89 

8? 

60.70 

00 

60.70 

69 

vim  re  rerre  91 — rersr 

75. 

,00 

9 

93, 

.50 

10 

75. 

.15 

11 

92. 

,54 

12 

74.77 

13 

91.88 

14 

91. 

,06 

67. 

,79 

16 

Bb. 

,10 

17 

03. 

,83 

18 

8 1  * 

v2 

l  9 

80*66“ 

Iff" 

76.96 

TI~ 

71. 

13 

92* 

90 

23 

9  J . 

.17 

24 

92, 

.54 

25 

91. 

,23 

26 

87.17 

27 

85.27 

28 

83. 

,63 

01. 

,17 

3o 

79. 

,88 

31 

76, 

,44 

32 

73, 

,85 

37 

92.21 

76 

re.fo  15 

17. 

,19 

05. 

,10 

37 

82, 

,88 

38 

81. 

.19 

39 

78. 

.92 

40 

75.54 

41 

71.03 

42 

94. 

,71 

94. 

91. 

'67 

,33 

TT“ 

51 

9j< 
91  , 

,00 

“TT" 

5? 

tt; 

90. 

r<4" 

.46 

66 

53 

re. 

90. 

TO" 

.98 

TT“ 

54 

“727JT 

90.02 

6b 

55 

T2.S6 

89.50 

TV 

56 

"re; 

00, 

rrT 

,10 

00. 

,4} 

50 

08, 

,50 

59 

09, 

.98 

60 

90. 

,00“ 

7,1 

11.79 

62 

iT.rer 

TT 

90, 

*7 

90, 

.23 

65 

9U . 

.00 

66 

89, 

.94 

67 

90, 

,79 

.',8 

90.79 

69 

19.  T9 

TO 

89. 

.13 

00. 

,17 

72 

08. 

,67 

73 

19. 

.10 

74 

09, 

,58 

75 

9U.1T 

Ti¬ 

16.51 

7  r 

~17. 

.69 

87. 

.92 

79 

87, 

.10 

80 

83. 

.19 

81 

02. 

.63 

02 

80.63 

ll 

79.71 

04 

77, 

.25 

'  T6  T^'.TO  IT  717 1 

9J  61.39 


II  87.58  75  86.50  80  84.  >1  81  87.71  87  81.15  81  80.08  84  77.78 

— 5?  JT7J5  W6  CT7J7  87  5770  7  18  “MTOl- H""TT7Jf  TO  7175?  71  72. R 

52  VI. 46  47  61.44  _ _ _ 


F*  Mt'«)  70  BO  62.5t>  B1  62.54  62  01.42  63  60.  63  »♦  T7.<? 

“S^Sivir" n“3$."4i“ i? "mth  n  .w 

92  92.71  VI  63.92 _ _ _ _ 


-r^TTTTS1’-”- 64767 - 7  -71.TS6  *  74-21  'TTCTI - i  ^Tm - T  1T.il 

8  74.03 _ 9  93.40  10  74.08  U  42.71  12  74.67  »  97.23  14  41.13 


22  02.7V  23  03, l»  24  92.50  25  91.17  26  67.29  27  65.42  21  63.79 

ar  ii.wng  Tynr^n-^Ttfrn^'n  ~ta.29  »  w.w'H"  fnyr'jtr  *7.27 

16  85.25  37  83.17  38  81-48  39  70.52  40  76.02  41  72.17  42  04.70 

~  <y  ys:n  is  4^“9T.«r"iT^rrw— iT  w.57  or  fi.  ir- 

50  VI. 44  51  91.46  52  91.02  33  91. iS  34  90.62  35  00.52  56  89.63 


64  01.13  65  av.OB  66  01.00  67  91.38  68  91.25  69  80.19  70  69.79 

~~n~^7Tr v'.^s  ~ry  ~T4~90.to  7S~  w.irir~ay.iii'  TT~  rrm- 

78  85.75  79  86.77  00  84.83  81  8*.8i  82  81.63  83  80.40  86 _ 77.63  _ 

~TT  ~bt.61  It  5$ .13 — IT  HSITTO '  *  Y ~ M7 W  767  TO"9I  .*7T  01  92710' 

02  02.02  03  61.33 _ _ _ _ ______ _ 


AU&  16,1964 
1 '  02.21  1 
a  76.08  9 

it  ¥r.rr 'i«r 

22  92.60  23 

29  81.08  )u 

36  84.90  3 7 

43  94.58  44 

90  83.83  31 

il  51757  55" 


70.15  5 

93.40  10 

vrrjnr- 

9  1.42  24 

80. 00  31 

82.67  38 

41.56  45 

8/. 06  42 


.44 

46 

86. 

,33 

67 

90, 

.44 

66 

72 

07. 

.67 

73 

68. 

.98 

74 

89. 

,63" 

75 

79 

.54 

80 

60. 

.23 

81 

80. 

.1  7 

62 

66 

5d 

.59 

87 

63. 

.74 

66 

63. 

,93 

S9 

93 

64. 

.33 

4  i!.v2 — ncirr'iia  7 -n.iT~ 

n  va.ii  i?  >*•»«  »  ’>•**  *♦  '»?•*» 

~n — iTTbi — tmnirjs  ncm  n  t*-w 

li  91.16  It  67.17  11  61.11  26  63.94 

1}  H,«Tm.lTH  ?1 .77  JT  65.1J 

IV  7V.19  40  75.71  <1  77.00  »  94.65 

46  91.19  47  53.11  -4f  -f4.TT-49-  ir.V4 

53  90.46  64  67.94  95  64.40  66  66.19 


VV  117  S>  ..... 

«775“ W  6I.B"  . TO 


a  75.13  9  93.10  10  75.42 

iS_~iT74T~T6 '~#y;n  17“'*i7Tf 

22  92.25  23  92.83  24  92.73 

29  "tti . ir~ yo  ~*o  .0  z _  j  r  - 7676 5 ■ 

16  84.94  37  82.89  38  81.08 


30  88.88  51  90.60  $2  91. C4 

—  5T'W.W  58  "  19.62  59  IT. 96 

64  89.00  65  80.67  66  90.54 

~tt  sfTPur^n —&rrT  ti  ~  tot n 

78  82.77  79  84.75  80  83.52 


11  92,52  12  73.42  13  91.63  14  90.67 

- 18  f  f7gy~I?"‘  8B7ffir XT  16  75V  71  Ti  7TO“~ 

25  91  v  1 7  26  86.98  27  85.08  28 _ 83.50 

37  7i.02JT  9T. TO  jr’WTR  'Ti  56792“ 

39  79.  U8  40  75.60  ,41  72.17  42  94.38 

"4g~ TO.73  37  97.TO  4B  67.06  *9  8  7.  /7~ 

53  91.35  54  87.27  55  88.21  56  89.02 

-  60"  8«j;  5T nsl  59.TO"  *2 — 95.50'  T3  91711 ~ 
67  91.17  69  91.25  69  86.79  70  88.06 

76  to:  54  75~TO.56“TT“  51747  7T  ”82.40“' 

81  83.35  82  81.96  83  80.88  84  77.94 


92  92.40  93  M.27 


8  76.11  9 

13  b  7 •  3  3  lb 
22  92. 75  23 

20  61.42  3u 

ib  bb.H _ 3  7_ 

43  "<75783  44 

50  b2.il  51 
•>7  b/.li  *5 
64  04.71  65 

71  65.06  72 

/8 _ 7  7.46  79 

“T5  bT.OO'  66 

a  VI. 60  93 


"6772b" - I"  “937  Iff 

91.61  10  76.42 

09.83  17  63.73 

93.58  24  93.21 

6.,. 08  31  76.94 

d2-V2  38  80.88 

65.54  52  88.94 

6 j. 7 1  59  63.25 

L5.54  66  67.40 

86.96  (i  68.46 
6J.65  80  79.40 

‘Ttf765  67  57*.751»— 

62-28 


12  76.24  13  92.40  14  91.08 

19  M\Tr~&>'  77.04'  TT  "74.  11 
2b  87.38  27  85.46  28  83.61 

n  '92.79  T<  W7W  55  “  87/  04 ' 

40  78.56  41  72.13  42  94.63 

■^T  "92.55  48  CT7yi~~re  "UT77T" 

54  81.75  55  82.75  56  84.79 

6i  66.tT  “tr“TO.4T-  TT'TO.Sy 

60  90.15  69  8 1  •  3  70  83.00 

75  9070  a"  76  "”T£".Ti  "  7T"  77.06 

82  79.88  81  79.65  64  77.46 
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Sample  Calculat ion  for  Adiabatic  Response  Curve . 

Problem:  To  find  exhaust  effective  temperature,  knowing  characteristics 
of  supply  air  and  ventilation  rate. 

Gainesville,  Florida 

Supply  Air  24  hr.  Avg.  Dry  Bulb  86.6  °F 

24  hr.  Avg.  Dew  Point  72.0  °F 

w^  humidity  ratio  0.017  lb.  water/lb.  dry  air 

v^  specific  volume  14.12  cu.  ft. /lb.  dry  air 
h^  enthalpy  39.4  BTU/lb.  dry  air 

for  a  ventilation  rate  of  10  cubic  feet/minute  occupant 

10  cu/min  occ  x  60  min/hr  x  1  occ  =  42.5  lb  air/hr. 

14.12  cu  ft/lb 

each  occupant  releases  400  B?’:/hr  metabolic  heat 

therefore:  A*1  =  400  =  S.4  BTU's  are  added  to  each  pound  of  ventilation  air 

4  2.5 

1*2  =  hi  +  Ah 

=  39. 4  +  9.4  =  48.8  BTU  enthalpy  of  exhaust  air 

assume  an  exhaust  dry  bulb: 

.jL 

94.0  °F  for  94  a  human  body  yields  .3145  lb  water/hr  or  for 

10  cfm  .3145/42.5  =  .0074  lb  water/ lb  dry  air 

then:  .0074  +  .017  =  .0244  lb  water/ lb  air 

from  psychrometric  chart  h£  =  49.6  (too  high) 

now  assume  93°  F  for  lower  value  of  h9 

93°  F  a  human  yields  .304  lb  water/hr  or  .304/42.5  =  .00715  lb  water 

lb  aii- 

then  .0071  t  .017  =  .0241  from  psychrometric  chart  h9  =  48.9 

92.5°  F  gives  .2988  lb/hr  or  .00703  .017  +  .0070  =  .024 

h2  =  48.7  therefore  interpolating  92.8  db  84.6  wb  =  87  effective  temperature 


■See  table  following 
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DESIGN  VALUES  OF  HOURLY  LATENT  HEAT  LOSS  FOR  400  BTU/HR  PERSON* 
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Heat 
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lb  water 

95.0 

340.0 

0.3250 

95.5 

346.0 

0.3308 

96.0 

352.0 

0.3365 

96.5 

358.0 

0.3423 

97.0 

364.0 

0.3480 

97.5 

370.0 

0.3537 

98.0 

376.0 

0.3595 

98.5 

382.0 

0.3652 

99.0 

388.0 

0.3709 

99.5 

394.0 

0.3767 

100.0 

400.0 

0.3824 

100.5 

406.0 

0.3881 

101.0 

412.0 

0.3939 

101.5 

418.0 

0.3996 

102.0 

424.0 

0.4054 

102.5 

430.0 

0.4111 

103.0 

436.0 

0.4168 

103.5 

442.0 

0.4226 

104.0 

448.0 

0.4283 

104.5 

454.0 

0.4340 

105.0 

460.0 

0.4398 
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A  A«r  lea  of  IpM*  min*  «  ••haiii  a  vr-rc  •  ondtu  i rd  •>««  ?4  .nilrrr.fi'imil  survival  atiel'er 

of  Hie  I'nlttJ  Stales  TI|R  purpnRR  ol  flit*  irsi  pr«i:r.iR  vn»  in  pv/ilimir  i  h<ui|;ra  In  «l>rtlrr  env|r*m 
These  shelters  vara  loadrd  villi  Rlmiln'pil  occupant  *  |m  n  rrhuit  ilmilar  it*  iln>  |«>adlnr.  ant  !«•  Ipai e»' 
di»#  io  radioactive  fallout  as  l  hr  result  •  '  a  mn  Irm  al»a:fc.  A  snood  nlt|ntfvr  ol  I  hi  a  progrmS 
mechanical  equipment  nacpaaarv  to  r«*n(  rol  f»«a  shelter  eiivl  rmimnni  in  >i  Irvrl  aullaMr  for  human  an 
by  the  Office  oT  rivl I  Defense  moat  ol  the  te«t  shelter*  wrir  on  Hip  'i.irN  «•!  one  01 1  upnnl 

•  racial  shelters  mch  as  tha  Si.  lanila  t'lYwiiml  Onur  wpj p  te*tr,l  at  lowrr  lti.nl ln»:*  ami  during  the 
loadings  vsrs  used  to  Investigate  tha  affret  of  ahrltet  I  **»s»l  f  01:  on  I  hr  environment  within  I  ha  ahet 
to  typical  values  »if  effective  temperature  for  tha  ■  ea'  loralr  Shelter*  warr  iMipil  under  iIpiiIr 
Simulated  occupants  vara  used  anil  ad  lusted  ic  as  In  release  *eu*|hte  mat  Ini  rut  heat  to  tha  nhelte 
that  vontd  he  released  by  Humar  occupant  a 


•  hu  ate**  In  various  geographical  areas 
mpnt  hrnur.ht  shout  by  shaft  sr  occupants, 
during  a  national  emergency  brought  shoot 
ran  In  da t ermine  (lie  min  lanes  tmnunt  of 
'vlval.  In  si tnnl  with  guidelines  established 
l-rr  len  square  feet  of  floor  ares.  However, 
course  of  the  program  other  shelter 
tar.  Ventilation  air  was  conditioned  to  conform 
tail  aiHRRiar  and  winter  climatic  conditions, 
r  atmosphere  In  quantities  equivalent  to  Ihoee 


Suitable  ventilation  air  flow  rates  were  determined  for  tha  'halter*  tasted.  An  equation  was  developed  based  on  the  ratal  InneMp  between 
■belter  environment,  surrounding  earth  temperature,  and  ambient  air  effertlve  trmperainre.  Mils  equation  can  be  used  to  predict  quentltles  of 
■better  ventilation  air  needed  for  maintenance  of  effective  temperatures  tnlarahla  lor  tinman  occupants  of  survival  slielters.  An  arbitrarily 
Selected  value  of  F  affective  temperature  wa*  considered  t ha  upper  limit  of  human  tolerance  and  was  used  to  evaluate  shelter  environmental 
conditions  ^ 

It  was  further  concluded  that:  (II  In  moat  sections  of  the  Tutted  Mates,  the  3  rfm  per  occupant  nf  ventilation  air  needed  to  control 
tbs  chemical  environment  In  underground  shelter*  was  not  adequate  to  control  the  thermal  environment  in  these  shelters  during  ■ users r  occupant v, 
but  was  adequate  fnr  both  chemical  and  thermal  environmental  control  during  the  winter;  (7)  Trior  use  requiring  heating  or  cooling  of  the 
•belter  spars  or  occupancy  bv  human  beings  or  other  animals  would  be  detrimental  to  the  shelter  environment  when  the  specs  was  converted  to 
■baiter  use  under  emergency  conditions;  (1)  A  fire  storm  burning  shove  an  underground  shelter  would  not  adversely  affect  the  thermal  environ¬ 
ment  of  the  shelter,  hut  could  disturb  the  chemical  environment;  (A)  ihermal  conductivity  nf  the  earth  surrounding  a  shatter  was  dependent  to 
e  large  degree  on  the  moisture  content  of  the  earth  surrounding  the  shelter,  the  range  of  variation  In  soil  conductivity  throughout  the  test 
program  geographic  locations  wag  with*.,  a  range  of  n.A$  to  n.bs  Mu  lip-  f T- *F- 1  •  (3)  Well  water  used  In  ron|unctlon  with  water  colts  was 
effective  In  controlling  shelter  environment;  (A)  F.vaporst  Ive  type  air  cooler#  could  he  effective  In  controlling  shelter  environment  but 
required  mors  energy  for  operation  that  the  muscular  power  of  the  occupants  In  a  shelter  could  provide;  (1)  Deelcrants  as  a  means  of  humidity 
control  or  the  operation  of  mechanical  dehumldl  f  lera  In  shelters  would  tones*#  the  shelter  environment;  (P)  Fans  and  blowers  should  be  adapted 
•o  that  during  Interrupt  l'»n  of  the  power  service  In  shelters,  these  devices  could  ns  operated  by  the  siuseutar  activity  of  the  shelter 
occupants,  end  such  fans  and  blowers  should  he  selected  on  the  haste  of  overall  operating  efficiency  rather  than  their  rated  elr  delivery. 
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